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EXECUTIVE SUMMARY 


In this report, 10 pairs of warranty and control projects were compared to assess their 
relative costs and benefits as of January 1, 2007. These three and five-year warranty 
projects were constructed between 1998 and 2003. Their current performance life is 
between three and eight years. Each set was carefully selected so that the projects had 
similar characteristics in terms of pre-overlay repair work, functional class, design life, 
and other features, in order to minimize bias. Overall, 214.6 lane-miles of warranty 
projects were constructed. Their cost and performance were compared to 276.6 lane- 
miles of control projects. 


The average initial construction cost of the warranty projects was $5,318 per lane-mile 
more than the control projects. This amount could be reduced by about $2,573 if CDOT 
were to eliminate the review of the warranty project by the Pavement Evaluation Team 
(PET) and the need to construct a weigh-in-motion station. 


After completion of the projects, in a post-construction survey, the contractors mentioned 
that they would do very little differently. It is likely that the bidding results and the 
construction processes on these warranty projects were similar to many of CDOT’s 
standard projects. 


Three of the ten warranty projects that were constructed had experimental features added 
by the contractor. On I-25 at Fountain, the contractor did research to evaluate a variety of 
methods to minimize reflective cracking. On I-25 north of Pueblo, there was an 
experiment done with the longitudinal joint construction and use of recycled asphalt 
pavement. On I-70 at Eagle, there was an evaluation of joint tape to improve performance 
of longitudinal joints. The contractors on the control projects had no experimental 
features. 


A statistical analysis of the pavement management system (PMS) tenth-mile segment 
data showed that the warranty pavements were constructed slightly rougher and with less 
consistency than the control pavements. An analysis of the tenth-mile segments from the 
PMS data indicates that the warranty pavements had an average international roughness 
index (IRI) of 62.6 inches per mile. The control pavements had an average IRI of 47.9 
inches per mile. According to CDOT’s current smoothness specifications, the warranty 
pavements would have received an incentive payment of $0.01 per square yard while the 
control pavements would have received the maximum incentive payment of $0.32 per 
square yard. About 52 percent of the warranty segments have an IRI of less than 60 
inches per mile, whereas about 65 percent of the control segments met the same criteria. 


An analysis of the tenth-mile segments from the PMS data indicates that both the 
watlranty and control pavements were constructed with minimal (less than 0.3 inches) rut 
depth. The warranty pavements had an average rut depth of 0.08 inches while the control 
pavements had an average of 0.14 inches. About 78.7 percent of the warranty segments 


have less than 0.1 inch rut depth, whereas 48.0 percent of the control segments met the 
same criteria. 


After the three-year warranty expired, the data showed that the warranty pavements were 
slightly smoother with a more consistent ride as compared to the control projects. The 
walranty pavements had an average IRI of 68.8 inches per mile while the control 
pavements had an average IRI of 75.1 inches per mile. About 32 percent of the warranty 
segments have an IRI of less than 60 inches per mile, whereas about 29 percent of the 
control segments met the same criteria. Also, the data showed that the warranty 
pavements had slightly deeper ruts with less variability as compared to the control 
projects. The warranty segments had an average rut depth of 0.20 inches while the control 
segments had an average of 0.14 inches. About 12.0 percent of the warranty projects have 
less than 0.1 inch rut depth, whereas 55.8 percent of the control projects met the same 
criteria. 


Looking at the projects’ average IRI performance information after eight years, the 
smoothness trend line of the warranty projects has increased to about 83 inches per mile, 
whereas the smoothness trend line of the control projects has increased to about 100 
inches per mile. Looking at the projects’ average rut depth performance information, both 
pavements’ trend lines increased at about the same rate to about 0.3 inches after eight 
years. 


During the period of the warranty, no maintenance costs were borne by CDOT forces. 
The PET required corrective work on two of the warranty projects at no cost to CDOT. 
As of January 1, 2007, the average cost of maintenance for the warranty projects was 
$26,189 per lane-mile, while the average for the control projects was $13,921 per lane- 
mile. Looking at the projects' average maintenance cost, the maintenance cost on 
walranty pavements is much greater than the control pavements after eight years. This 
increase might be due to the lack of early preventive maintenance measures. 


In conclusion, after three to eight years of performance information, the three and five- 
year short-term warranty pavements have slightly less rutting and are slightly smoother 
than the control projects. However, the cost to maintain warranty pavements is much 
greater. There is a shift in risk and responsibility as a result of the warranty projects, but 
at this time, there is no tangible benefit identified. Based on the evaluation of these 
pavements, the implementation of short-term warranties of HMA is currently not a cost 
effective tool for CDOT. 
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CHAPTER 1: Introduction 


1,1 Background and Purpose 


Over the past 10 to 20 years, the use of warranties on roadway construction projects has been 
viewed as an alternative to the standard practice of state highway agencies (SHAs). Currently, the 
way projects are typically bid provides contractors with little opportunity for innovation. 
Contractors have few opportunities to deviate from standard specifications and, providing that the 
specifications are met, are not liable if a roadway is found to be defective once it is placed in 
service. The current CDOT specifications are designed as a prescriptive specification to yield a 
pavement that performs in a way which ensures the most cost-effective project to the public. A 
new approach, using warranties, would specify the desired outcome. 


Under a warranty specification, the contractor is allowed to use innovative practices to provide the 
desired quality during construction. By removing some of the prescriptive specifications such as 
the performance grade of asphalt cement binder and gradation of the aggregate, contractors are 
encouraged to be innovative and develop new means and methods for longer-lasting pavements. 
By placing the responsibility (and risk) into the contractor’s hands, the contractor is more 
motivated to follow good construction practices. 


There is an increased awareness that contractors should be more responsible for the quality and the 
durability of their work. The purpose of the warranty is to incorporate a mechanism into the 
bidding process that would allow a better technical solution and a higher quality of work. 


The goal of instituting short-term warranties on projects is to improve the quality and durability of 
the hot mix asphalt (HMA) by allowing a longer timeframe to accept the work. Using this 
philosophy, the contractor is held liable for the performance of his product within specific distress 
thresholds for which the contractor has control. With short-term warranties, the quality control 
during construction is shifted to the contractor thereby decreasing the overall level of CDOT 
resources needed for project delivery. 


By specifying a short-term warranty, any deficiencies related to construction or material properties 
of the HMA are the responsibility of the contractor while under warranty. At the very least, these 
watlranty projects should perform as well as the pavements constructed with standard construction 
practices while providing safe and comfortable rides over their design lives at reasonable costs. 


In practice, there was a great deal of caution among SHAs in adopting any warranty projects 
because only a small number of assessments on the cost-effectiveness have been performed. 
Before 1991, the Federal Highway Administration (FHWA) restricted the use of warranties 
because the FHWA considered them to be an extension of routine maintenance operations, and 
routine maintenance work was excluded from federal funding. On an experimental basis, the 1991 
Intermodal Surface Transportation Efficiency Act permitted warranty projects using Federal-Aid 
funds. Warranty projects were advanced through the FHWA Special Experimental Program (SEP 
#14 — Innovative Contracting) on new or rehabilitation projects. 


On May 21, 1997 the Colorado Senate approved Senate Bill 97-128. The Senate Bill established a 
pilot program for the warranty of HMA projects. A copy of the Senate Bill is in Appendix A. 
Under SEP #14, coordination was required with the FHWA. The letter obtaining the FHWA 
approval is dated November 8, 1999 and is in Appendix B. 


The purpose of this paper is to evaluate the current cost-effectiveness of the CDOT short-term 
walranty projects using selected measures of effectiveness. 


1.2 Types of Warranties 


There are a variety of pavement warranty types. The terms of the warranties commonly range 
from one to 10 years. The purpose of the warranty depends on who takes on a specific set of 
duties and the risks associated with each of those tasks. Whoever accepts responsibility agrees to 
take the resulting cost in case of premature distress. The risk can be transferred from the owner to 
the contractor to various degrees. 


Some examples of items that need to be included in the risk allocation are traffic, inflation, and 
subgrade (pavement design). Historically, CDOT has taken the responsibility for all of these 
items. Depending on the type of warranty, CDOT will likely remain responsible for a majority of 
these items. 


Following are four different types of warranties: 
e Prepaid maintenance warranties, 
e Workmanship warranties, 
e Materials and workmanship warranties, and 
e Performance warranties. 


This report focuses on the pilot projects constructed with materials and workmanship warranties. 
Using this type of warranty, the contractor is responsible for correcting defects in work elements 
within the contractor’s control during the warranty period, including distresses resulting from 
defective materials and workmanship. The owner is responsible for the pavement design. The 
contractor assumes no responsibility for pavement design or those distresses that result from the 
design. Some responsibility is shifted from the owner to the contractor for materials selection and 
workmanship. This encourages good quality construction up front because of the consequences 
later on. It would motivate a contractor to use the “A” paving team on a warranty project. This is 
the type of short-term warranty (3 to 5 years) that CDOT has developed for HMA. 


In order to obtain the best possible chance of success with the short-term materials and 
workmanship HMA warranty, a joint CDOT and industry task force was created in late 1999. 
Warranty criteria were selected from an analysis of average-performing HMA pavements that 
were 3 to 5 years old. From this evaluation, a distribution of performance was determined and the 
task force set warranty thresholds for distresses along with recommendations for the repair of 
these distresses. This group also developed Project Selection Guidelines. These guidelines were 
developed by the task force to be referenced by CDOT designers in the selection of candidate 


projects for short-term warranties. The criteria used to select short-term warranty projects were as 


follows: 


e The primary scope of the project should be paving with at least 20,000 tons of HMA. 

e A 3-year watranty term was recommended for projects that were designed for 10 years and 
a 5-year warranty term was recommended for projects that were designed for 20 years. 

e A weigh-in-motion station should be installed on or near the project unless a current 
station exists in the vicinity. 

e A mandatory pre-bid meeting should be held with all the prime contractors bidding on the 
wairanty project. 


A total of 10 pilot projects were constructed from 1998 to 2003 by CDOT under this Senate Bill 
along with assistance from the FHWA. Table 1 contains a list of HMA materials and 
workmanship warranties projects constructed by CDOT. 


Table 1 Summary of CDOT HMA warranty projects 


Location Project Milepost HMA Date Date Warranty 

Number (from — to) Placed | Awarded | Accepted | Length 
(inches) (years) 

1-25, IM 0252-312 | 124.0-127.9 | 4 5/7/1998 7/28/1998 | 3 

Fountain - South 

C 470, Santa Fe to NHS 4701- 13.9 — 16.9 2 3/18/1998 | 8/20/1998 | 3 

Wadsworth Blvd. 085 

US 36, C 0361-157 40.0 — 44.5 2 2/26/1998 | 8/18/1998 | 3 

E & W of Superior 

[-25, IM 0251-157 | 114.7-120.0 | 4 2/14/2000 | 12/27/2000 | 3 

North of Pueblo 

1-70, IM 0702-222 | 147.0-158.9 | 2 12/1/2000 | 10/10/2000 | 3 

Eagle - East 

US 50, NH 0501-038 | 46.0 — 53.3 6.75 11/16/2000 | 6/14/2002 | 3 

East of Kannah Crk. 

SH 63, STA 0631-008 | 45.1 — 53.2 4 5/7/2002 11/13/2002 | 3 

South of I-76 

]-25, IM 0252-346 | 120.0-124.2 | 4 3/1/2002 12/11/2002 | 3 

Ray Nixon — South 

US 36, STA 0362-026 | 119.0 - 129.6 | 4 8/9/2002 8/6/2003 5 

East of Byers 

US 287, NH 2873-126 | 356.2 — 364.8 | 2 3/3/2003 8/25/2003 | 5 


North of Ted’s Place 


The three-year warranty specification used on the first three projects constructed in 1998 can be 
found in Appendix C, the three-year warranty specification employed on the 2000 and 2002 
projects is located in Appendix D, and the five-year warranty specification utilized on the last two 
projects is in Appendix E. 


Following the implementation of the HMA warranty program, CDOT extended the process to 
portland cement concrete pavement (PCCP) with a five-year warranty period. A total of three pilot 
projects were constructed in PCCP in 2002 and 2003. CDOT also extended the process to epoxy 


pavement marking material. A total of two pilot epoxy pavement marking material projects with a 
two-year warranty were constructed in 2003. None of these projects are included in this paper. 


1.3 Warranty Limitations 


Under a materials and workmanship warranty, the contractor still may not be responsible for many 
pavement defects, including rutting. The warranty would be terminated if the cause of rutting was 
due to the traffic load on a warranty project exceeding the design traffic load during a specified 
interval. In order to monitor the traffic load, a weigh-in-motion (WIM) station is required on 
warranty projects unless a WIM is located nearby. 


The contractor agrees to correct, at the contractor’s expense, pavement defects caused by those 
work elements within the contractor’s control. The exact cause of premature failure is frequently 
the result of multiple causes. Some of these may have been the responsibility of the contractor and 
others may have been the responsibility of the owner. 


1.4 Benefits and Costs 


The potential benefit offered by the short-term warranty for highways can be equal or better 
quality roadways built at lower costs than are presently being incurred. This paper documents the 
cost-effectiveness (benefit) of CDOT’s three and five-year warranties on HMA projects 
constructed between 1998 and 2003. The supposed benefits to CDOT for using HMA warranties 
include: 


Improved materials quality and construction quality. 

Reduced requirements for CDOT supervision and material testing. 

Accelerated construction without giving up workmanship. 

Elimination of early maintenance costs. 

Encouragement of innovation. 

Addresses the industries concern to provide production flexibility and use of innovative 
products or procedures. 


The CDOT warranty projects have additional costs over and above the typical projects that are bid. 
These increased costs may be due to potential warranty work and lane rental fees, and the 
additional costs of the bond for the term of the warranty. These costs are real and are often 
considered the cost of the contractor taking on more responsibility. These costs could be viewed 
more properly as a mechanism that encourages greater allocation of resources at initial 
construction in order to minimize resources that would otherwise be spent on maintenance in the 
future. The contractor has the responsibility for material selection, mixture design, and production, 
as well as all the sampling and testing requirements during construction. On the other hand, there 
may also be some savings to contractors. Removing prescriptive specifications may allow 
contractors to improve efficiency. 


CHAPTER 2: Assessment Procedure 


2.1 Cost-Benefit Analysis 


The cost-benefit analysis (CBA) estimates and then totals the equivalent monetary value of the 
benefits and costs of the warranty and control projects to establish if the warranty projects are 
worthwhile. The projects in this study have a wide range of widths and lengths making a simple 
comparison difficult. In order to evaluate projects on an equal basis, all the benefits and costs are 
expressed in terms of dollars per lane-mile. The assessment of the CBA for warranty projects are 
comprised of the following steps: 

e First, pavement selections using warranty specifications and control bidding processes are 
established to form comparison sets. 

e Second, the costs for initial construction, maintenance, and user are calculated for each 
watranty and control project in the comparison set. 

e Third, the benefit of reduced CDOT forces is estimated on a warranty project. 

e Fourth, the benefit is estimated in terms of extended service life based on average 
pavement performance for each warranty project. 

e Finally, a ratio using both the net cost minus the net benefit (Savings) of the warranty 
project is compared to the net cost of the control project. A ratio greater than 1.0 means 
that the cost of a warranty project exceeds the cost associated with the control project and 
is not worthwhile. Detailed calculations for each step are provided in each project’s 
section. An example is provided below: 

© Initial construction for the warranty was $8,000 per lane-mile more expensive than 
the control. 
Warranty maintenance costs were $4,000 per lane-mile. 
Control maintenance costs were $10,000 per lane-mile. 
Increased service life of the warranty project was valued at $5,000 per lane-mile. 
Ratio is 0.7 ($8,000 + $4,000 - $5,000)/($10,000) 
Since the ration is less than 1.0, the warranty project was beneficial. 
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2.2 Establishing Warranty and Control Projects Comparison Sets 


In this step, the warranty projects were selected using the established guidelines from the joint task 
force and appropriate control projects were selected. In order to minimize any bias in the analysis, 
the control projects for each warranty project were selected based on their similarity in terms of 
traffic, project type, pre-overlay repair, overlay thickness, location, and year of construction. In 
most cases, the characteristics were similar, but not necessarily identical. 


2.3 Estimating CDOT and User Cost 


In calculating the costs for each project, the real cost at the time of construction and maintenance 
work was added to the user cost component when CDOT maintenance forces performed work on 
the comparison sets of projects. The costs were totaled from initial construction to the current date 


(January 1, 2007.) Information in Metric projects was converted into English units for ease of 
comparison. All units in this report are in English. 


2.3.1 CDOT Initial Construction Cost 

The first item we reviewed for the initial construction cost was the unit cost of HMA. To avoid 
any analytical bias about the relative unit cost of warranty and control projects, pavements in 
each set had as much in common as possible in terms of quantities of material. Data on cost of 
each warranty and control project were obtained from CDOT’s Cost Estimating Unit. To 
determine the cost or savings (benefit) to CDOT for a warranty project, the difference between 
the unit cost of HMA was compared. The difference was applied to the tons of HMA placed 
on the warranty project to get the total additional cost or savings to CDOT. 


The second item was for the cost of a warranty on the HMA over the three or five-year period. 
This was an added cost to CDOT during the initial construction and was paid to the contractor 
either as a lump sum or as a cost per ton of mix placed and accepted. The first three pilot 
projects included the cost of the warranty in the unit cost item to place HMA. To develop the 
engineer’s estimate for the warranty project, 10% was added to the estimated cost per ton of 
warranted HMA. The 10% was developed based on engineering judgment and was intended 
to cover the contractor’s costs, such as potential risks to perform warranty work, potential lane 
rental fees because of warranty work, and cost of warranty bond from bond insurance 
companies. 


The third item was for the cost to construct a WIM station to monitor traffic. The WIM station 
monitored the traffic load on the warranty project. 


The fourth item we reviewed was the cost for quality control testing. Since quality control 
during construction was shifted to the contractor, a CDOT tester was not specified on warranty 
projects. Based on a conservative daily production rate of 1,000 tons, the number of tester days 
was estimated. To establish the CDOT cost savings on warranty projects due to reduced 
staffing, a average salary of a CDOT Engineer/Physical Science Technician Level II 
(including overhead) of $300.00 per day was used. A loading factor of 1.35 was used to 
calculate the CDOT hourly rate. 


The fifth item we reviewed was the cost of the pavement evaluation team (PET) during the 
warranty period. On an annual basis, CDOT conducted a distress survey to evaluate the 
performance compliance with the terms of the warranty. It took approximately one day per site 
to conduct one pavement performance evaluation. The cost for each evaluation included 
$2500 for the independent consultant to evaluate the pavement and prepare the report. For the 
official PET membership the CDOT staffing costs and the industry representative cost 
approximately $1080. Other CDOT support staff cost about $820. A loading factor of 1.35 
was used to calculate the CDOT hourly rates. Traffic control for the evaluation was provided 
by CDOT Maintenance and was estimated to be $1000 per site for time and equipment. The 
annual cost for the PET was approximately $5,400. 


2.3.2 CDOT Maintenance Cost 

Maintenance costs may be routine or periodic, may be preventive or corrective, or may be 
done by the CDOT workforce or by contractors. In the case of the control projects, the 
maintenance responsibility of the contractor is terminated after CDOT accepts the project. For 
warranty projects, the contractor bears the cost to maintain the roadway for the warranty 
period. In computing CDOT maintenance costs, only the post-warranty maintenance period 
costs were considered. However, the maintenance costs associated with the control projects 
were determined from the CDOT acceptance date. The maintenance costs were taken from 
CDOT’s maintenance management system (MMS) and included such items as crack sealing, 
crack filling, hand patching, machine patching, and chip seal coating. Since the length of the 
warranty and control projects varied, the maintenance cost was determined on the basis of 
dollars per lane-mile. 


2.3.3 User Cost 

These costs are considered to be indirect “soft” costs borne by the facility user in the work 
zone as they relate to roadway condition, maintenance activity, and rehabilitation work. These 
costs include user travel time and increased vehicle operating costs (VOC). Though these 
“soft” costs are not part of the actual spending for CDOT, the costs are inherent in the cost of 
road repair and are included in maintenance fees. For the value of travel time, CDOT used 
$17.00 per hour for passenger cars, $35.00 per hour for single unit trucks, and $36.50 per hour 
for combination trucks. To determine the user cost, we used software developed for CDOT by 
Dr. Rajagopal Arudi called WorkZone —Road User Cost. The duration of user costs were 
determined based on a daily single lane closure from 10:00 pm to 5:00 am in urban areas and 
9:00 am to 3:00 pm in rural area. The average annual daily traffic at the time of construction 
was used for the traffic volume. Speed reduction was considered to be from the posted speed 
limit down to 45 mph in the work-zone. To calculate the annual user cost, daily user cost was 
multiplied by the number of days the maintenance forces were on the roadway. Since the 
length of the warranty and control projects varied, the user cost was determined on the basis of 
dollars per lane-mile. 


2.4 Estimating Effectiveness 


For this report, the time scope for evaluating the CBA is based on performance from the initial 
construction to the current date (January 1, 2007.) CDOT’s pavement management system (PMS) 
data for the international roughness index (IRI) and rutting was used in this report to estimate the 
performance and estimate extended life. When comparing the extended lives from these 
performance measures, the lesser of the two will be used as the basis for calculating the benefit. 
The PMS condition data is collected annually and summarized in 528 foot (0.1 mi.) sections. 
When the typical section is a divided highway, annual PMS data is reported in the driving lane for 
both directions. When the typical section is an undivided highway, annual PMS data is collected in 
one direction one year and the opposite direction the next year. 


When analyzing the PMS data for a preventive maintenance or rehabilitation project, normal 
CDOT practice is to group the distress data from the tenth-mile files into half-mile segments. This 


report used a running average of five tenth-mile sections and used the maximum value to establish 
the annual performance value for the projects. 


For warranty projects, the contractual threshold of performance indicators was established by 
CDOT to reflect minimum acceptable distresses over the warranty period. The contractor is 
obligated to perform remedial work if the thresholds are exceeded at any time during that period. 
Such distress thresholds on warranty projects are not the same minimums for rehabilitation or 
replacement. Given the minimum rehabilitation threshold and the performance curve, the service 
life can be estimated. 


2.4.1 Performance Effectiveness — The International Roughness Index 

International Roughness Index (IRI) is a statistic used to determine the amount of roughness in 
a measured longitudinal profile. IRI was used because it is a common indictor of pavement 
condition. The IRI is computed from a single longitudinal profile using a quarter-car 
simulation; the quarter-car calculates the response similar to a passenger car. The simulated 
suspension motion is accumulated and divided by the distance traveled to give an index with 
units of slope (in/mi). 


For this study, the performance curve for the warranty project was compared to the control 
project and the time interval at which the IRI between the two is the same is the extended 
service life. For example, a comparison of IRI in Figure 1 shows the extended service life of a 
watranty project to be about one year. This extended service life is probably conservative since 
it assumes that the roughness for the warranty pavement will increase at the same rate as the 
control project. 


Control Project 


Warranty Project 
60 


IRI (inches/mile) 


Extended Service Life 


Years After Acceptance 


Figure 1 IRI performance curves 


2.4.2 Performance Effectiveness — Rutting 

The depth of a rut in the wheel path was used because it is a common indicator for 
rehabilitation. For this project, the performance curve for the warranty project was compared 
to the control project and the time interval between them is the extended service life. For 
example, a comparison of rutting in Figure 2 shows the extended service life of a warranty 
project to be three years. This extended service life is probably conservative since it assumes 


that the rut depth for the warranty pavement will increase at the same rate as the control 
project. 
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Figure 2 Rut depth performance curves 


2.5 Extended Service Life 


To maintain and manage CDOT’s highway network requires capitol investments to rehabilitate 
pavements as they approach the end of their service lives. Longer life translates into cost savings 
to maintain CDOT’s network. In fiscal year 2006, CDOT spent approximately $151 million to 
rehabilitate about 1,400 lane-miles of the network. Therefore, to construct a lane-mile of roadway 
is about $107,000 for the estimated 10 years of service life. For this report, every year of extension 
in service life would save CDOT about $10,700 per lane-mile. 


CHAPTER 3: I-25, South of Fountain 


3.1 Project Information 


This warranty project is in El Paso County on I-25 and extends south from Fountain for 3.8 miles 
(15.2 lane-miles) from Milepost 124.05 to Milepost 127.87. For reference, the Colorado project 
number is IM 0252-312 with a sub-account number of 12116. 


The control project is in Pueblo County on I-25 north of Pueblo and extends north for 
approximately 6.4 miles (25.6 lane-miles) from Steel Hollow, Milepost 109 to Young Hollow, 
Milepost 115.4. For reference, the Colorado project number is IM 0251-154 with a sub-account 
number of 12528. This project was also used as the control project for the experimental project on 
I-25, North of Pueblo. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 2 below. The tonnage information in the following table represents the approximate quantity 


of HMA used to bid the projects. 


Table 2 Comparison summary of the I-25 Fountain / I-25 Pueblo project 


Warranty Project Control Project 
Overlay Thickness (inches) 4 4 
Rehabilitation Strategy 1”(NB) & 2-1/2” (SB) milling 2-inch milling 
Award Date May 7, 1998 January 11, 1999 
Begin Construction Date May 26, 1998 March 1, 1999 
Project Acceptance Date July 28, 1998 September 17, 1999 
Facility Type 4-lane Interstate 4-lane Interstate 
Tonnage 44,667 53,422 
Bid Price, $/ton $35.38 $32.00 
Mix Gradation 5 S 
Type of Binder AC-20/PG 70-34 AC-20R 
Warranty Line Item Not Specified NA 
Weigh-In-Motion Station Not Installed NA 
Quality Control Testing ($13,500) NA 
PET Review (3 years) $16,200 NA 
10-year Design ESALs 5,162,000 5,372,000 
Average Annual Daily Traffic 17,300 14,500 
Single Unit Trucks (percent) 4.6 4.3 
Combination Trucks (percent) 7.6 fas 


3.2 Initial Construction Cost 
Using the information from the previous table, the unit cost of the warranty project HMA 


(including the warranty period) totaled $3.38 per ton more than the control project. Based on the 
approximate quantity, the warranty project cost about $167,175 (3.38 * 44,667 + 16,200) more 
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than the control project. In addition, it saved $13,500 in quality control testing. This resulted in an 
additional cost to CDOT of $10,110 per lane-mile (167,175 — 13,500)/15.2 to construct and 
monitor the warranty project. 


3.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 3 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 CDOT has spent a 
total of $2,718 per lane-mile on the warranty project while spending $11,849 per lane-mile on the 
control project. 
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Figure 3 Comparison of the I-25 Fountain / I-25 Pueblo maintenance cost 


3.4 Performance Data 


The IRI performance data shown in Figure 4 indicates that the primary (northbound) direction of 
the warranty project had about the same IRI as the control project while the secondary 
(southbound) direction of the warranty project is about 20 inches per mile worse than the control 
project after seven years. Based on this information, there is no expected benefit in extended life 
for the warranty project. 
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Figure 4 Comparison of the I-25 Fountain / I-25 Pueblo IRI performance 
The rut data shown in Figure 5 indicates that the warranty project had about the same rut depth in 


eight years after the project was accepted as the control project had in seven years. Based on this 
information, there is no expected benefit in extended life for the warranty project. 
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Figure 5 Comparison of the I-25 Fountain / I-25 Pueblo rut depth performance 


3.4.1 PET Reviews 

During the warranty period, three annual evaluations were performed by the PET. For the first 
two years the PET found all measured distresses were below the limits specified in the 
contract. However, in the third evaluation the longitudinal joint separation threshold was 
exceeded. The contractor was required to perform corrective work on the longitudinal joint for 
the project. 
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3.9 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $12,828 per lane-mile and the control 
project is $11,849 per lane-mile. Based on performance, no net benefit in extended life is expected 
for this warranty project. Since the ratio is 1.08 (12,828/11,849), the cost of a warranty project 
exceeds the cost of the control project and is not worthwhile. 
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CHAPTER 4: C-470, Santa Fe Drive to Wadsworth Boulevard 


4.1 Project Information 


This warranty project is in Arapahoe, Douglas, and Jefferson Counties on C-470 and extends west 
of Santa Fe Drive to Wadsworth Boulevard for approximately 3.0 miles (12.0 lane-miles) from 
Milepost 13.9 to Milepost 16.9. For reference, the Colorado project number is NHS 4701-085 with 
a sub-account number of 11595. 


The control project is in Adams County on I-25 and extends north beginning at 84" Avenue to 
120" Avenue for approximately 4.4 miles (26.4 lane-miles) from Milepost 218.70 to Milepost 
223.06. For reference, the Colorado project number is IM 0253-144 with a sub-account number of 
11593R. 


Due to high volume of traffic, the projects were built with night paving operations. A comparison 
of the information from both the warranty and the control projects is summarized in Table 3 
below. The tonnage information in the following table represents the approximate quantity of 
HMA used to bid the projects. 


Table 3 Comparison summary of the C-470 / I-25 project 


Warranty Project Control Project 
Overlay Thickness (inches) 2 2 
Rehabilitation Strategy ¥Y-inch milling 2-inch milling 
Award Date March 18, 1998 May 21, 1998 
Begin Construction Date May 4, 1998 June 10, 1998 
Project Acceptance Date August 20, 1998 September 24, 1998 
Facility Type 4-lane Interstate 6-lane Interstate 
Tonnage 19,153 26,459 
Bid Price, $/ton $37.19 $47.63 
Mix Gradation S 5 
Type of Binder PG 76-28 PG 76-28 
Warranty Line Item NA NA 
Weigh-In-Motion Station $55,000 NA 
Quality Control Testing ($6,000) NA 
PET Reviews (3 years) $16,200 NA 
10-year Design ESALs 3,688,000 9,231,000 
Average Annual Daily Traffic 85,801 151,000 
Single Unit Trucks (percent) 2.1 fe) 
Combination Trucks (percent) 1.4 3.8 


4.2 Initial Construction Cost 


Using the information from the previous table, the unit cost of the warranty project HMA 
(including the warranty period) totaled $10.44 per ton less than the control project. Based on the 
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approximate quantity, the warranty project cost about $199,957 (10.44 * 19,153) less to construct. 
In addition, it cost $71,200 (55,000 + 16,200) more to monitor than the control project while 
saving $6,000 in quality control testing. This resulted in a savings of $11,230 per lane-mile 
(71,200 — 199,957 - 6,000)/12.0 to construct and monitor the warranty project. 


4.3 Maintenance Cost 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 6 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 CDOT has spent a 
total of $110,508 per lane-mile on the warranty project while spending $16,200 per lane-mile on 
the control project. The high maintenance cost on the warranty project is due to an extensive 
patching project in 2005. In 2006, the control project was resurfaced due to paver segregation 
distresses. This cost to resurface the control project was not included as part of maintenance costs. 
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Figure 6 Comparison of the C-470 / I-25 maintenance cost 


4.4 Performance Data 


After the extensive work on the warranty project, the IRI performance data shown in Figure 7 
indicates that the warranty project had an extended service life of about five years. Based on this 
information, there is a benefit in extended life of about $53,500 per lane-mile (5 * 10,700) for the 
warranty project. 
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Figure 7 Comparison of the C-470 / I-25 IRI performance 


Due to the large amount of work done on the warranty project, the rut data shown in Figure 8 
indicates that the warranty project had about a three-year extension in life. Based on this 
information, there is a benefit in extended life of about $32,100 per lane-mile (3 * 10,700) for the 
warranty project. 
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Figure 8 Comparison of the C-470 / I-25 rut depth performance 
4.4.1 PET Reviews 


During the warranty period, three annual evaluations were performed by the PET. In the third 
evaluation, the contractor was required to perform corrective work at 10 locations. 
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4.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $99,278 per lane-mile (110,508 — 
11,230) while the net cost on the control project is $16,200 per lane-mile. Since the extended life 
for rut performance was less than the IRI performance, three years ($32,100) of net benefit in 
extended life is expected for this warranty project. Since the ratio is 4.15 (99,278 — 
32,100)/16,200, the cost of a warranty project exceeds the cost of the control project and is not 
worthwhile. 
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CHAPTER 5: U.S. Highway 36, East and West of Superior 
Interchange 


5.1 Project Information 


This warranty project is in Boulder County on U.S. Highway 36 beginning at Cherryvale Road 
and extending southeasterly for 4.5 miles (18.0 lane-miles) from Milepost 40.0 to Milepost 44.5. 
For reference, the Colorado project number is C 0361-157 with a sub-account number of 11982. 


The control project is in Morgan County on I-76 beginning west of Fort Morgan and extending 
easterly for approximately 16 miles (64.0 lane-miles) from Milepost 76.5 to Milepost 92.5. For 
reference, the Colorado project number is C 0761-170 with a sub-account number 11979. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 4 below. Both projects were built on existing concrete pavements. The tonnage 
information in the following table represents the approximate quantity of HMA used to bid the 


projects. 


Table 4 Comparison summary of the US 36 / I-76 project 


Warranty Project Control Project 
Overlay Thickness 2 inches 2 inches 
Rehabilitation Strategy 1-inch milling 34-inch leveling course 
Award Date February 26, 1998 January 20, 1998 


Begin Construction Date 


June 21, 1998 


April 29, 1998 


Project Acceptance Date 


August 18, 1998 


July 24, 1998 


Facility Type 4-lane Interstate 4-lane Interstate 
Tonnage 25,393 77,157 
Bid Price, $/ton $36.56 $35.38 
Mix Gradation SHRP %” Fine S 
Type of Binder PG 70-34 AC-20R 
Warranty Line Item, L.S. NA NA 
Weigh-In-Motion Station $77,185 NA 
Quality Control Testing ($7,800) NA 
PET Reviews (3 years) $16,200 NA 
10-year Design ESALs 2,086,940 2,800,000 
Average Annual Daily Traffic 74,400 16,100 
Single Unit Trucks (percent) 2.2 4.2 
Combination Trucks (percent) 1.0 15.9 


5.2 Initial Construction Cost 


Using the information from the previous table, the unit cost of the warranty project HMA 
(including the warranty period) totaled $1.18 per ton more than the control project. Based on the 
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approximate quantity, the warranty project cost about $29,964 (1.18 * 25,393) more to construct. 
In addition, it cost $93,385 (77,185 + 16,200) more to monitor than the control project while 
saving $7,800 in quality control testing. This resulted in a net cost of $6,419 per lane-mile (29,964 
+ 93,385 — 7,800)/18.0 to construct and monitor the warranty project. 


5.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 9 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 CDOT has spent a 
total of $17,021 per lane-mile on the warranty project while spending $8,828 per lane-mile on the 
control project. 
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Figure 9 Comparison of the US 36 / I-76 maintenance cost 


5.4 Performance Data 


The IRI performance data shown in Figure 10 indicates that the warranty project had an extended 
service life of about one year. Based on this information, there is about a one year benefit in 
extended life which is a benefit of about $10,700 per lane-mile for the warranty project. 
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Figure 10 Comparison of the US 36 / I-76 IRI performance 


In the eight years after acceptance, the rut data shown in Figure 11 indicates that the warranty 
project had about the same rut depth as the control project. Based on this information, there is no 
expected benefit in extended life for the warranty project. 


0.6 


0.5 


o 
A 


Rut Depth (inches) 
fo) >) 
iD) () 


0.1 


Years after Project Acceptance 


Warranty (Primary Direction) Warranty (Secondary Direction) 


- - - -Control (Primary Direction) - - - -Control (Secondary Direction) 


Figure 11 Comparison of the US 36 / I-76 rut depth performance 


5.4.1 PET Reviews 

During the warranty period, three annual evaluations were performed by the PET. All 
measurements were found to be below the threshold levels of the parameters of the 
specification. 
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5.9 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $23,440 per lane-mile (6,419 + 17,021) 
while the net cost on the control project is $8,828 per lane-mile. Since the extended life for rut 
performance was less than the IRI performance, no net benefit in extended life is expected for this 
watranty project. Since the ratio is 2.66 (23,440/8,828), the cost of a warranty project exceeds the 
cost of the control project and is not worthwhile. 
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CHAPTER 6: I-25, North of Pueblo 


6.1 Project Information 


This warranty project is in Pueblo and El Paso Counties on I-25, beginning approximately 14 
miles north of Pueblo and extending northerly for 5.3 miles (21.2 lane-miles) from Milepost 114.7 
to Milepost 120.0. For reference, the Colorado project number is IM 0251-157 with a sub-account 
number of 13048. 


The control project is in Pueblo County on I-25 north of Pueblo and is adjacent to the warranty 
project. It extends for approximately 6.4 miles (25.6 lane-miles) from Steel Hollow, Milepost 
109.0 to Young Hollow, Milepost 114.7. For reference, the Colorado project number is IM 0251- 
154 with a sub-account number of 12528. This project was also used as the control project for the 
walranty project on I-25, South of Fountain. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 5 below. The tonnage information in the following table represents the approximate quantity 


of HMA used to bid the projects. 


Table 5 Comparison summary of the I-25 N. of Pueblo / I-25 Young Hollow project 


Warranty Project Control Project 
Overlay Thickness 4 inches 4 inches 
Rehabilitation Strategy 34-inch milling 2-inch milling 
Award Date February 14, 2000 January 11, 1999 
Begin Construction Date March 29, 2000 March 1, 1999 
Project Acceptance Date December 27, 2000 September 17, 1999 
Facility Type 4-lane Interstate 4-lane Interstate 
Tonnage 71,905 53,422 
Bid Price, $/ton $35.20 $32.00 
Mix Gradation S 5 
Type of Binder PG 58-28 AC-20R 
Warranty Line Item, L.S. $50,000 NA 
Weigh-In-Motion Station $58,500 NA 
Quality Control Testing ($21,600) NA 
PET Reviews (3 years) $16,200 NA 
10-year Design ESALs 9,372,000 9,372,000 
Average Annual Daily Traffic 14,500 14,500 
Single Unit Trucks (percent) 4.3 4.3 
Combination Trucks (percent) 7.3 73 
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6.2 Initial Construction Cost 


Using the information from the previous table, the unit cost of the warranty project HMA totaled 
$3.20 per ton more than the control project. Based on the approximate quantity, the warranty 
project cost about $230,096 (3.20 * 71,905) more to construct. In addition, it cost $124,700 
(50,000 + 58,500 + 16,200) more to monitor than the control project while saving $21,600 in 
quality control testing. This resulted in a net cost of $15,717 per lane-mile (230,096 + 124,700 — 
21,600)/21.2 to construct and monitor the warranty project. 


6.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 12 for 

the warranty and control projects as collected in MMS. As of January 1, 2007 CDOT has spent a 

total of $2,135 per lane-mile on the warranty project while spending $11,849 per lane-mile on the 
control project. 
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Figure 12 Comparison of the I-25 N. of Pueblo / I-25 Young Hollow maintenance cost 


6.4 Performance Data 


The IRI performance data shown in Figure 13 indicates that the primary (northbound) direction of 
the warranty project is about 10 inches per mile better than the control project while the secondary 
(southbound) direction of the warranty project is about the same as the control project. Based on 
this information, there is no expected benefit in extended life for the warranty project. 
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Figure 13 Comparison of the I-25 N. of Pueblo / I-25 Young Hollow IRI performance 
In the six years after acceptance, the rut data shown in Figure 14 indicates that the warranty 


project has greater rut depth than the control project. Based on this information, there is no 
expected benefit in extended life for the warranty project. 
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Figure 14 Comparison of the I-25 N. of Pueblo / I-25 Young Hollow rut depth performance 


6.4.1 PET Reviews 

During the warranty period, three annual evaluations were performed by the PET. All 
measurements were found to be below the threshold levels of the parameters of the 
specification. 
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6.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $17,852 per lane-mile (15,717 + 2,135) 
while the net cost on the control project is $11,849 per lane-mile. No net benefit in extended life is 
expected for this warranty project. Since the ratio is 1.51 (17,852/11,849), the cost of a warranty 
project exceeds the cost of the control project and is not worthwhile. 
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CHAPTER 7: I-70, East of Eagle 


7.1 Project Information 


This warranty project is in Eagle County on I-70 east of the town of Eagle and extends east for 
approximately 11.9 miles (47.6 lane-miles) from Milepost 147.0 to Milepost 158.9. For reference, 
the Colorado project number is IM 0702-222 with a sub-account number of 12731. 


The control project is in Eagle, Garfield, and Pitkin Counties on State Highway 82 beginning 
approximately 2 miles north of Carbondale, Milepost 10.4 and extending 12.7 miles southeasterly 
to Milepost 23.1 with two no work sections at Milepost 10.5 to Milepost 14.0 and Milepost 18.0 to 
Milepost 20.8. The net project length is 6.4 miles (25.6 lane-miles.) For reference, the Colorado 
project number is STA 0821-057 with a sub-account number of 13092. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 6 below. The tonnage information in the following table represents the approximate quantity 


of HMA used to bid the projects. 


Table 6 Comparison summary of the I-70 / SH 82 project 


Warranty Project Control Project 
Overlay Thickness 2 inches 2 inches 
Rehabilitation Strategy 1-inch leveling course | Milling/Recondition Base/Overlay 
Award Date January 21, 2000 June 27, 2000 
Begin Construction Date May 19, 2000 August 7, 2000 
Project Acceptance Date October 10, 2000 October 12, 2000 
Facility Type 4-lane Interstate 4-lane Primary Highway 
Tonnage 102,870 40,294 
Bid Price, $/ton $32.50 $37.85 
Mix Gradation SX SX 
Type of Binder PG 58-22 PG 64-28 
Warranty Line Item, Low Bid $138,855 NA 
Weigh-In-Motion Station $57,189 NA 
Quality Control Testing ($30,900) NA 
PET Reviews (3 years) $16,200 NA 
10-year Design ESALs 4,288,903 1,197,000 
Average Annual Daily Traffic 23,700 19,600 
Single Unit Trucks (percent) 4.1 3.8 
Combination Trucks (percent) 9.4 1.3 


7.2 Initial Construction Cost 


Using the information from the previous table, the unit cost of the warranty project HMA totaled 
$5.35 per ton less than the control project. Based on the approximate quantity, the warranty project 
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cost about $550,354 (5.35 * 102,870) less to construct. In addition, it cost $212,244 (138,855 + 
57,189 + 16,200) more to monitor than the control project while saving $30,900 in quality control 
testing. This resulted in a net savings of $7,752 per lane-mile (212,244 — 550,354 — 30,900)/47.6 
to construct and monitor the warranty project. 


7.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 15 for 
the warranty and control project as collected in MMS. As of January 1, 2007 CDOT has spent a 
total of $4,037 per lane-mile on the warranty project while spending $11,303 per lane-mile on the 
control project. 
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Figure 15 Comparison of the I-70 / SH 82 maintenance cost 


7.4 Performance Data 


The IRI performance data shown in Figure 16 indicates that the primary (eastbound) direction of 
the warranty project is about 10 inches per mile worse than the eastbound direction of the control 
project while the secondary (westbound) direction of the warranty project is about 10 inches per 
mile better than the westbound direction of the control project. Based on this information, there is 
no expected benefit in extended life for the warranty project. 
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Figure 16 Comparison of the I-70 / SH 82 IRI performance 


In the six years after acceptance, the rut data shown in Figure 17 indicates that the warranty 
project had an extended service life of about one year. Based on this information, there is about a 
one year benefit in extended life which is a benefit of about $10,700 per lane-mile for the warranty 
project. 
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Figure 17 Comparison of the I-70 / SH 82 rut depth performance 


7.4.1 PET Reviews 

During the warranty period, three annual evaluations were performed by the PET. At the first 
evaluation, the only distress that the PET found was low to moderate raveling in the wheel 
paths. The second evaluation by the PET found the same distress. In the third evaluation, the 
raveling appeared to be moderate to severe. Due to the subjective process in evaluating the 
severity of raveling, the PET reviewed nearby projects constructed in the same year as the 
warranty project. These projects also showed signs of raveling in the wheel paths. Since the 
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PET determined that the raveling was natural to the area, no corrective action was 
recommended. 


7.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is a savings of $3,715 per lane-mile 
(4,037 — 7,752) while the net cost on the control project is $11,303 per lane-mile. Since the 
extended life for rut performance was less than the IRI performance, no net benefit in extended 
life is expected for this warranty project. Since the net cost of the warranty is a savings to CDOT, 
a negative ratio would be analyzed therefore, a ratio of zero will be given. For this comparison the 
cost of a warranty project is less than the cost of the control project and is worthwhile. 
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CHAPTER 8: U.S. Highway 50, East of Kannah Creek 


8.1 Project Information 


This warranty project is in Mesa and Delta Counties on U.S. 50 east of Kannah Creek and extends 
southeasterly for approximately 7.3 miles (29.2 lane-miles) from Milepost 46.0 to Milepost 53.3. 
For reference, the Colorado project number is NH 0501-038 with a sub-account number of 12153. 
The warranty project was constructed adjacent to the previously constructed control project. 


The control project is in Mesa County on U.S. 50 southeast of Whitewater and extends 
southeasterly for about 4 miles (16.0 lane-miles) from Milepost 42.0 to Milepost 46.0. For 
reference, the Colorado project number is SP 0501-037 with a sub-account number of 11838. 
There was no existing pavement structure prior to the construction projects. 

A comparison of the information from both the warranty and control projects is summarized in 
Table 7 below. The tonnage information in the following table represents the approximate quantity 


of HMA used to bid the projects. 


Table 7 Comparison summary of the US 50 Kannah Creek / US 50 Whitewater project 


Warranty Project Control Project 
HMA Thickness 6-3/4 inches 6-3/4 inches 
Rehabilitation Strategy Reconstruction/Widening | New Construction/Widening 
Award Date November 16, 2000 April 16, 1999 
Begin Construction Date December, 2000 May 10, 1999 
Project Acceptance Date June, 14, 2002 May 9, 2000 
Facility Type 4-lane National Highway 4-lane National Highway 
Tonnage 60,332 69,408 
Bid Price, $/ton $29.03 $31.15 
Mix Gradation SMA SX 
Type of Binder PG 76-28 PG 70-34 
Warranty Line Item $100,000 NA 
Weigh-In-Motion Station $55,000 NA 
Quality Control Testing ($18,300) NA 
PET Reviews (1 required) $5,400 NA 
20-year Design ESALs 3,743,000 3,743,000 
Average Annual Daily Traffic 9,900 9,900 
Single Unit Trucks (percent) 6.0 6.0 
Combination Trucks (percent) 4.8 4.8 
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8.2 Initial Construction Cost 


Using the information from the previous table, the unit cost of the warranty project HMA totaled 
$2.12 per ton less than the control project. Based on the approximate quantity, the warranty project 
cost about $127,904 (2.12 * 60,332) less to construct. In addition, it cost $160,400 (100,000 + 
55,000 + 5,400) more to monitor than the control project while saving $18,300 in quality control 
testing. This resulted in a net cost of $486 per lane-mile (160,400 — 127,904 — 18,300)/29.2 to 


construct and monitor the warranty project. 


8.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 18 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 CDOT has spent a 
total of $2,636 per lane-mile on the warranty project while spending $3,012 per lane-mile on the 
control project. Based on the MMS data, CDOT forces spent about $59,000 for crack sealing prior 
to the end of the warranty period. This cost was not included in the report. 
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Figure 18 Comparison of the US 50 Kannah Creek / US 50 Whitewater maintenance cost 


8.4 Performance Data 


The IRI performance data shown in Figure 19 indicates that the warranty project has about the 
same IRI as the control project with an extended service life of less than one year. Based on this 
information, there is no expected benefit in extended life for the warranty project. 


31 


IRI (inches/mile) 


40 


0 1 1 1 1 
1 2 3 4 5 6 


Years after Project Acceptance 


Warranty - - - -Control 


Figure 19 Comparison of the US 50 Kannah Creek / US 50 Whitewater IRI performance 


In the four years after acceptance, the rut data shown in Figure 20 indicates that the warranty 
project had an extended service life of less than one year. Based on this information, there is no 
expected benefit in extended life for the warranty project. 


0.4 
0.35 r 
7 0.3 : - 
S 0.25 =? — : 
= . seer 
s s fer 
fo 
o 
a 
s Extended Service Life 
i 
0.05 
0 T T T T 1 
1 2 3 4 5 6 
Years after Project Acceptance 
Warranty = = = . Control 
Figure 20 Comparison of the US 50 Kannah Creek / US 50 Whitewater rut depth 
performance 


8.4.1 PET Reviews 

During the warranty period, only one evaluation was required to be performed by the PET. All 
measurements were found to be below the threshold levels of the parameters of the 
specification. 
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8.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $3,122 per lane-mile (2,636 + 486) 
while the net cost on the control project is $3,012 per lane-mile. Since the extended life for rut 
performance was less than the IRI performance, no net benefit in extended life is expected for this 
watranty project. Since the ratio is 1.04 (3,122/3,012), the cost of a warranty project exceeds the 
cost of the control project and is not worthwhile. 
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CHAPTER 9: S.H. 63, South of I-76 Interchange 


9.1 Project Information 


This warranty project is in Logan County on S.H. 63 beginning approximately 4 mile south of the 
intersection of I-76 for 8.1 miles (16.2 lane-miles) and extending southerly from Milepost 45.1 to 
Milepost 53.2. For reference, the Colorado project number is STA 0631-008 with a sub-account 
number of 13788. 


The control project is in Weld County on S.H. 71 and extends northerly for 18.9 miles (37.8 lane- 
miles) from Milepost 214.0 to the Nebraska State Line at Milepost 232.9. For reference, the 
Colorado project number is STA 071A-014 with a sub-account number of 13906. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 8 below. The tonnage information in the following table represents the approximate quantity 


of HMA used to bid the projects. 


Table 8 Comparison summary of the SH 63 / SH 71 project 


Warranty Project Control Project 
Overlay Thickness 4 inches 4 inches 
Rehabilitation Strategy Full Depth Reclamation Full Depth Reclamation 
Award Date May 7, 2002 May 7, 2002 
Begin Construction Date June 24, 2002 October 21, 2002 
Project Acceptance Date November 13, 2002 November 14, 2003 
Facility Type 2-lane State Highway 2-lane State Highway 
Tonnage 28,234 79,140 
Bid Price, $/ton $39.50 $37.50 
Mix Gradation 5 5 
Type of Binder PG 58-28 PG 58-34 
Warranty Line Item $39,000 NA 
Weigh-In-Motion Station $58,800 NA 
Quality Control Testing ($8,700) NA 
PET Reviews (1 required) $5,400 NA 
20-year Design ESALs 594,000 1,290,348 
Average Annual Daily Traffic 670 770 
Single Unit Trucks (percent) 4.5 9:1 
Combination Trucks (percent) 6.0 30.0 


9.2 Initial Construction Cost 
Using the information from the previous table, the unit cost of the warranty project HMA totaled 


$2.00 per ton more than the control project. Based on the approximate quantity, the warranty 
project cost about $56,468 (2.00 * 28,234) more to construct. In addition, it cost $102,900 (39,000 
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+ 58,500 + 5,400) more to monitor than the control project while saving $8,700 in quality control 
testing. This resulted in a net cost of $9,300 per lane-mile (56,468 + 102,900 — 8,700)/16.2 to 
construct and monitor the warranty project. 


9.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 21 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 CDOT has spent a 
total of $150 per lane-mile on the warranty project while spending $140 per lane-mile on the 
control project. Based on the MMS data, CDOT forces spent about $700 for crack sealing prior to 
the end of the warranty period. This cost was not included in the report. 
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Figure 21 Comparison of the SH 63 / SH 71 maintenance cost 


9.4 Performance Data 


In the three years after acceptance, the IRI performance data shown in Figure 22 indicates that the 
watranty project has a worse ride when compared to the control project. Therefore, no benefit in 
extended life for the warranty project is expected. 
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Figure 22 Comparison of the SH 63 / SH 71 IRI performance 


In the three years after acceptance, the rut data shown in Figure 23 indicates that the warranty 
project has the same rut depth when compared to the control project. Therefore, no benefit in 
extended life for the warranty project is expected. 
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Figure 23 Comparison of the SH 63 / SH 71 rut depth performance 


9.4.1 PET Reviews 

During the warranty period, only one evaluation was required to be performed by the PET. All 
measurements were found to be below the threshold levels of the parameters of the 
specification. 


9.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $9,450 per lane-mile (9,300 + 150) 
while the net cost on the control project is $140 per lane-mile. At this time, no net benefit in 
extended life is expected for this warranty project. Since the ratio is 67.5 (9,450/140), the cost of a 
watranty project exceeds the cost of the control project and is not worthwhile. 
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CHAPTER 10: I-25, Ray Nixon - South 


10.1 Project Information 


This warranty project is in El Paso County on I-25 beginning approximately 15 miles south of 
Colorado Springs and extending northerly for 4.2 miles (16.8 lane-miles) from Milepost 120.0 to 
Milepost 124.2. For reference, the Colorado project number is IM 0252-346 with a sub-account 
number of 13449. 


The control project is in Huerfano County on I-25 and extends north of Walsenburg for 7 miles 
(28 lane-miles) from Milepost 52.0 to Milepost 59.0. For reference, the Colorado project number 
is IM 0251-159 with a sub-account number of 13931. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 9 below. The tonnage information in the following table represents the approximate quantity 


of HMA used to bid the projects. 


Table 9 Comparison summary of the I-25 Ray Nixon / I-25 Walsenburg project 


Warranty Project Control Project 
Overlay Thickness 4 inches 4 inches 
Rehabilitation Strategy 2-inch milling 4-inch milling 
Award Date March 1, 2002 February 13, 2002 


Begin Construction Date 


April 29, 2002 


April 22, 2002 


Project Acceptance Date 


December 11, 2002 


August 27, 2002 


Facility Type 4-lane Interstate 4-lane Interstate 
Tonnage 59,035 63,299 

Bid Price, $/ton $28.95 $30.43 
Mix Gradation 5 S 

Type of Binder PG 58-28 PG 64-28 
Warranty Line Item $52,500 NA 
Weigh-In-Motion Station Previously Installed NA 
Quality Control Testing ($18,000) NA 

PET Reviews (1 required) $5,400 NA 
Design ESALs 11,906,00 (20-Year) 2,905,254 (10-year) 
Average Annual Daily Traffic 17,300 11,700 
Single Unit Trucks (percent) 4.6 4.3 
Combination Trucks (percent) 7.6 15.0 


10.2 Initial Construction Cost 
Using the information from the previous table, the unit cost of the warranty project HMA totaled 


$1.48 per ton less than the control project. Based on the approximate quantity, the warranty project 
cost was about $87,372 (1.48 * 59,035) less to construct. In addition, it cost $57,900 (52,500 + 
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5,400) more to monitor than the control project while saving $18,000 in quality control testing. 
This resulted in a net cost savings of $2,826 per lane-mile (57,900 — 87,372 — 18,000)/16.8 to 
construct and monitor the warranty project. 


10.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 24 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 CDOT has spent a 
total of $4,836 per lane-mile on the warranty project while spending $9,095 per lane-mile on the 

control project. Based on the MMS data, CDOT forces spent about $67,000 for minor repairs and 
fog coating the warranty project one year after the warranty expired. 
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Figure 24 Comparison of the I-25 Ray Nixon / I-25 Walsenburg maintenance cost 


10.4 Performance Data 


In the four years after acceptance, the IRI performance data shown in Figure 25 indicates that the 
primary (northbound) direction warranty project is performing slightly worse than the control 
project while the secondary (southbound) direction of the warranty project is performing slightly 
better than the control project. Based on this information, no benefit in extended life for the 
watranty project is expected. 
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Figure 25 Comparison of the I-25 Ray Nixon / I-25 Walsenburg IRI performance 
In the four years after acceptance, the rut data shown in Figure 26 indicates that the warranty 


project had an extended service life of less than one year. Based on this information, there is no 
expected benefit in extended life for the warranty project. 
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Figure 26 Comparison of the I-25 Ray Nixon / I-25 Walsenburg rut depth performance 
10.4.1 PET Reviews 
During the warranty period, only one evaluation was required to be performed by the PET. All 


measurements were found to be below the threshold levels of the parameters of the 
specification. 
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10.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $2,010 per lane-mile (4,836 — 2,826) 
while the net cost on the control project is $9,095 per lane-mile. At this time, no net benefit in 
extended life is expected for this warranty project. Since the ratio is 0.22 (2,026/9,095), the cost 
of a warranty project is less than the cost of the control project and is worthwhile. 
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CHAPTER 11: U.S. Highway 36, East of Byers 


11.1 Project Information 


This warranty project was the first to have a five-year warranty period on HMA. The project is 
constructed in Arapahoe and Adam Counties on US 36 and extends 10.6 miles (21.2 lane-miles) 
beginning approximately18 miles east of Byers from Milepost 119.0 to Milepost 129.6. For 
reference, the Colorado project number is STA 0362-024 with a sub-account number of 13569. 


The control project is adjacent to the warranty project in Arapahoe County on US 36 and extends 
easterly for 12.2 miles (24.4 lane-miles) beginning west of Byers from Milepost 100.8 to Milepost 
113.0. For reference, the Colorado project number is STA 0362-026 with a sub-account number of 
14275. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 10 below. The tonnage information in the following table represents the approximate 


quantity of HMA used to bid the projects. 


Table 10 Comparison summary of the US 36 East of Byers / US 36 West of Byers project 


Five-Year Warranty Project Control Project 
Overlay Thickness 4 inches 2.5 inches 
Rehabilitation Strategy 4-inch Cold Recycle 4-inch Cold Recycle 
Award Date August 9, 2002 March 3, 2003 
Begin Construction Date June 21, 2003 August 12, 2003 
Project Acceptance Date August 6, 2003 December 23, 2003 
Facility Type 2-lane National Highway 2-lane National Highway 
Tonnage 52,231 53,313 
Bid Price, $/ton $46.00 $37.00 
Mix Gradation S > 
Type of Binder PG 76-28 PG 64-28 
Warranted HBP (5-yr), $/ton $0.50 NA 
Weigh-In-Motion Station $45,000 NA 
Quality Control Testing ($15,900) NA 
PET Reviews (1 required) Not Performed NA 
20-Year Design ESALs 1,846,000 1,500,000 
Average Annual Daily Traffic 820 720 
Single Unit Trucks (percent) 4.4 4.4 
Combination Trucks (percent) 36.5 59.0 


11.2 Initial Construction Cost 
Using the information from the previous table, the unit cost of the warranty project HMA totaled 


$9.00 per ton more than the control project. Based on the approximate quantity, the warranty 
project cost was about $470,079 (9.00 * 52,231) more to construct. In addition, it cost $71,116 
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(0.5 * 52,231 + 45,000) more to monitor than the control project while saving $15,900 in quality 
control testing. This resulted in a net cost of $24,778 per lane-mile (470,079 + 71,116 — 
15,900)/21.2 to construct and monitor the warranty project. 


11.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 27 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 the warranty project 
has two years remaining on the warranty while CDOT has spent a total of $321 per lane-mile on 
the control project. 
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Figure 27 Comparison of the US 36 East of Byers / US 36 West of Byers maintenance cost 


11.4 Performance Data 
In the three years after acceptance, the IRI performance data shown in Figure 28 indicates that the 


walranty project is performing slightly worse than the control project. Based on this information, 
there is no expected benefit in extended life for the warranty project. 
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Figure 28 Comparison of the US 36 East of Byers / US 36 West of Byers IRI performance 
In the three years after acceptance, the rut data shown in Figure 29 indicates that the warranty 


project had an extended service life of less than one year. Based on this information, there is no 
expected benefit in extended life for the warranty project. 
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performance 


11.4.1 PET Reviews 

During the five-year warranty period, only one evaluation is required to be performed by the 
PET unless the Project Engineer requests an evaluation. At the time of this report, the Project 
Engineer has not requested an evaluation. 


43 


11.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is $24,778 per lane-mile while the net 
cost on the control project is $321 per lane-mile. At this time, no net benefit in extended life is 
expected for this warranty project. Since this project is still under warranty, it is not recommended 
to calculate a cost-benefit ratio at this time. 
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CHAPTER 12: U.S. Highway 287, North of Ted’s Place 


12.1 Project Information 


This is the second project constructed using a five-year warranty period on HMA. The warranty 
project is in Larimer County on US 287 and extends north of Ted’s Place for 8.6 miles (17.2 lane- 
miles) from Milepost 356.2 to Milepost 364.8. For reference, the Colorado project number is NH 
2873-126 with a sub-account number of 14301. 


The control project is in Boulder County on S.H.119 and extends easterly for 1.6 miles (3.2 lane- 
miles) from Milepost 39.1 to Milepost 40.7. For reference, the Colorado project number is STA 
1191-017 with a sub-account number of 13959. 


A comparison of the information from both the warranty and control projects is summarized in 
Table 11 below. The tonnage information in the following table represents the approximate 


quantity of HMA used to bid the projects. 


Table 11 Comparison summary of the US 287 / SH 119 project 


Five Year Warranty Project Control Project 
Overlay Thickness 2 inches 2 inches 
Rehabilitation Strategy 34-inch Leveling Course 2 to 4-inch Milling 
Award Date March 3, 2003 April 30, 2002 
Begin Construction Date April 15, 2003 July 5, 2002 
Project Acceptance Date May 1, 2003 December 17, 2002 
Facility Type 2-lane National Highway 2-lane State Highway 
Tonnage 34,448 7,952 
Bid Price, $/ton $33.35 $40.70 
Mix Gradation » > 
Type of Binder PG 58-34 PG 58-34 
Warranty Line Item $50,000 NA 
Weigh-In-Motion Station Not Required NA 
Quality Control Testing ($10,500) NA 
PET Reviews (1 required) Not Performed NA 
20-Year Design ESALs 7,049,664 1,463,276 
Average Annual Daily Traffic 5,900 10,400 
Single Unit Trucks (percent) 4.0 2.6 
Combination Trucks (percent) 13.6 0.7 


12.2 Initial Construction Cost 
Using the information from the previous table, the unit cost of the warranty project HMA totaled 


$7.35 per ton less than the control project. Based on the approximate quantity, the warranty project 
cost is about $253,193 (7.35 * 34,448) less to construct. In addition, it cost $50,000 more to 
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monitor the warranty project while saving $10,500 in quality control testing. This resulted in a net 
savings of $12,424 per lane-mile (50,000 — 253,193 — 10,500)/17.2 to construct and monitor the 
watranty project. 


12.3 Maintenance and User Costs 


The cost of CDOT roadway surface maintenance activities is summarized below in Figure 30 for 
the warranty and control projects as collected in MMS. As of January 1, 2007 the warranty project 
has two years remaining on the warranty while CDOT has spent a total of $3,971 per lane-mile on 
the control project. 


$3,500 


XL 8 
: 


$3,000 + 


$2,500 


$2,000 


$1,500 


Dollars per lane-mile 


$1,000 


$500 


SS 
\ 5447 
SS 
\ 429 


$0 


= 
NO 


3 
Years after Project Acceptance 
@ Warranty “ Control 


aS 


Figure 30 Comparison of the US 287 / SH 119 maintenance cost 


12.4 Performance Data 


In the three years after acceptance, the IRI performance data shown in Figure 31 indicates that the 
walranty project is performing better than the control project. However, the warranty project has 
two years remaining on the warranty period. Based on this information, the benefit in extended 
life for the warranty project cannot be determined. 
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Figure 31 Comparison of the US 287 / SH 119 IRI performance 


In the three years after acceptance, the rut data shown in Figure 32 indicates that the warranty 
project is performing better than the control project. However, the warranty project has two years 
remaining on the warranty period. Based on this information, the benefit in extended life for the 
watranty project cannot be determined. 
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Figure 32 Comparison of the US 287 / SH 119 rut depth performance 


12.4.1 PET Reviews 

During the five-year warranty period, only one evaluation is required to be performed by the 
PET unless the Project Engineer requests an evaluation. At the time of this report, the Project 
Engineer has not requested an evaluation. 
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12.5 Cost-Benefit Analysis 


As of January 2007, the net cost on the warranty project is a net savings of $12,424 per lane-mile 
while the net cost on the control project is $3,971 per lane-mile. At this time, the net benefit in 
extended life cannot be determined for this warranty project. Since this project is still under 
warranty, it is not recommended to calculate a cost-benefit ratio at this time. 
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CHAPTER 13: Summary of Findings and Conclusions 


13.1 Construction Information 


In this report, 10 pairs of warranty and control projects were compared to assess their relative 
costs and benefits as of January 1, 2007. These three and five-year warranty projects were 
constructed between 1998 and 2003. Their current performance life is between three and eight 
years. Each set was carefully selected so that the projects had similar characteristics in terms of 
pre-overlay repair work, functional class, design life, and other features, in order to minimize bias. 
Overall, 214.6 lane-miles of warranty projects were constructed. Their cost and performance were 
compared to 276.6 lane-miles of control projects. 


The average initial construction cost of the warranty projects was $5,318 per lane-mile more than 
the control projects. This amount could be reduced by about $2,573 if CDOT were to eliminate the 
PET and the WIM station. 


An analysis of each warranty project for unbalanced bids was conducted. The line item profiles for 
each of the warranty projects were obtained from the CDOT Cost Estimating Unit. This profile 
was used to identify those bid items most responsible for bidding deviations. In general, there was 
no significant degree of unbalancing in all warranty projects. 


After completion of the projects, the contractors were asked what they would do differently. The 
contractors that were the successful low bidders indicated that they would do very little, if 
anything differently. It is likely that the bidding results on these warranty projects were similar to 
many of CDOT’s standard projects. 


13.2 Contractor Innovation on Projects 


Three of the ten warranty projects that were constructed had experimental features added by the 
contractor. On I-25 at Fountain, the contractor did research to evaluate a variety of methods to 
minimize reflective cracking. For more information on this research, please see CDOT Report 
Number CDOT-DTD-R-2003-5 dated March 2003 by Werner Hutter. On I-25 north of Pueblo, 
there was an experiment done with the longitudinal joint construction and use of recycled asphalt 
pavement (RAP.) On I-70 at Eagle, there was an evaluation of joint tape to improve performance 
of longitudinal joints. The contractors on the control projects had no experimental features. 


13.3 Performance Information 


A Statistical analysis of the PMS tenth-mile segment data showed that the warranty pavements 
were constructed slightly rougher and with less consistency as the control pavements. A 
comparison of the IRI approximately one year after construction is shown in Figure 33. An 
analysis of the tenth-mile segments from the PMS data indicates that the warranty pavements had 
an average IRI of 62.6 inches per mile with a standard deviation of 19.7. The control pavements 
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had an average IRI of 47.9 inches per mile with a standard deviation of 16.0 inches. About 52 
percent of the warranty segments have an IRI of less than 60 inches per mile, whereas about 65 
percent of the control segments meet the same criteria. 
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Figure 33 IRI comparison one year after construction 


A comparison of the rut depth approximately one year after construction is shown in Figure 34. 
An analysis of the tenth-mile segments from the PMS data indicates that the warranty projects 
were constructed with about half the rut depth and with about the same consistency. The warranty 
pavements had an average rut depth of 0.08 inches with a standard deviation of 0.05 inches while 
the control pavements had an average of 0.14 inches and a standard deviation of 0.06 inches. A 
comparison of the rut depth one year after construction is shown in Figure 34. This figure 
indicates that 78.7 percent the warranty segments have less than 0.1 inch rut depth, whereas 48.0 
percent of the control segments meet the same criteria. 
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Figure 34 Rut depth comparisons one year after construction 
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After the three-year warranty expired, the data showed that the warranty pavements were slightly 
smoother with a more consistent ride as compared to the control projects. The warranty 
pavements had an average IRI of 68.8 inches per mile with a standard deviation of 16.3, while the 
control pavements had an average IRI of 75.1 inches per mile with a standard deviation of 20.9 
inches per mile. A comparison approximately four years after construction is shown in Figure 35. 
About 32 percent of the warranty segments have an IRI of less than 60 inches per mile, whereas 
about 29 percent of the control segments meet the same criteria. 
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Figure 35 IRI comparison four years after construction 


After the three-year warranty expired, the data showed that the warranty pavements had slightly 
deeper ruts with less variability as compared to the control projects. The warranty segments had an 
average rut depth of 0.20 inches with a standard deviation of 0.08 inches, while the control 
segments had an average of 0.14 inches with a standard deviation of 0.12 inches. A comparison of 
the rut depth approximately four years after construction is shown in Figure 36. This figure 
indicates that 12.0 percent the warranty projects have less than 0.1 inch rut depth, whereas 55.8 
percent of the control projects meet the same criteria. 


51 


35% 


30% 
25% 
20% 
15% 
10% 
5% 
0% 
lo 
no! 
oO 


Figure 36 Rut depth comparisons four year after construction 
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Looking at the projects’ average IRI performance information as shown in Figure 37, both 
pavements’ trend lines start at about 80 inches per mile and after eight years, the smoothness of 
the warranty projects has increased slightly, whereas the smoothness of the control project has 
increased to about 100 inches per mile. 
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Figure 37 Average IRI performance 


Looking at the projects’ average rut depth performance information as shown in Figure 38, both 
pavements’ trend lines increased at about the same rate to about 0.3 inches after eight years. 
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Figure 38 Average rut depth performance 


13.4 Maintenance and User Costs 


During the period of the warranty, no maintenance costs were borne by CDOT forces. The PET 
required corrective work on two of the warranty projects at no cost to CDOT. Also, the 
maintenance costs for the ten control projects corresponding to the warranty are shown. As of 
January 1, 2007, the average cost of maintenance for the warranty projects was $26,189 per lane- 
mile, while the average for the control projects was $13,921 per lane-mile. Looking at the 
projects’ average maintenance cost as shown in Figure 39, the maintenance costs on warranty 
pavements are much greater than the control pavements after eight years. 
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Figure 39 Average maintenance cost 
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13.5 Project Summary 


Each project was individually evaluated to determine if there was an overall cost savings that 
resulted from the warranty. Another evaluation determined if there was improved performance 
resulting from the warranty. Based on the data from this report, only two of the eight warranty 
projects had an overall cost savings and only three of the ten warranty projects had improved 
performance. The summary of this information is shown in Table 12. 


Table 12 Project Summary 


Warranty Project Years of Overall Cost Overall Improved 
Performance Data Savings Performance 
I-25 at Fountain 8 No No 
C-470 at Santa Fe 8 No Yes* 
US-36 at Superior 8 No No 
I-25 North of Pueblo 6 No No 
I-70 at Eagle 6 Yes Yes 
US-50 at Kannah Creek 4 No No 
SH-63 at I-76 4 No No 
I-25 at ray Nixon 4 Yes No 
US-36 at Byers 3 Not Determined No 
US-287 at Ted’s Place 3 Not Determined Yes 


* In the sixth year after the warranty project was constructed, it needed minor rehabilitation and 
as a result its performance was better than the control project after eight years. 


13.6 Conclusions 


In conclusion, warranty pavements have slightly less rutting and are slightly smoother than the 
control projects. However, the cost to maintain them is much greater. There is a shift in risk and 
responsibility as a result of the warranty projects, but at this time there is no tangible benefit 
identified. Based on the evaluation of these projects, the implementation of short-term warranties 
of HMA is currently not a cost-effective tool for CDOT. 
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Appendix A: Senate Bill 97-128 
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SENATE BILL 97-128 


BY SENATORS Duke, Ament, Amold, Coffman, Congrove, Dennis, 
Linkhart, Mutzebaugh, Powers, Tebedo, Rupert, and Weddig: 

also REPRESENTATIVES Swenson, Owen, Allen, June, Lamborm, 
Lawrence, May, McElhany, Salaz, Agler, Arrington, Dean, Gotlieb, 
Morrison, Nichol, Pfiffner, Schwarz, and Tucker. 


CONCERNING A PILOT PROGRAM TO ALLOW THE DEPARTMENT OF 
TRANSPORTATION TO ENTER INTO CONTRACTS THAT REQUIRE A 
WARRANTY FOR QUALIFIED HOT BITUMINOUS PAVEMENT PROJECTS. 


Be it enacted by the General Assembly of the State of Colorado: 


SECTION 1. 43-1-106, Colorado Revised Statutes, 1993 Repl. 


Vol., as amended, is amended BY- THE ADDITION OF A NEW 
SUBSECTION to read: 


43-1-106. Transportation commission - powers and duties. 
(16) (a) THE COMMISSION SHALL ESTABLISH A PILOT PROGRAM FOR THE 
WARRANTY OF QUALIFIED HOT BITUMINOUS PAVEMENT PROJECTS. THE PILOT 
PROGRAM SHALL BEGIN NO LATER THAN JULY 1, 1997, AND SHALL END JULY 
1, 2002, UNLESS EXTENDED BY THE GENERAL ASSEMBLY ACTING BY BILL, 
THE COMMISSION IS HEREBY AUTHORIZED TO PREPARE CONTRACT 
SPECIFICATIONS AND ENTER INTO CONTRACT: S FOR QUALIFIED BITUMINOUS 
PAVEMENT PROJECTS IN THE STATE AND REQUIRE CONTRACTORS TO 
WARRANT WORK ON SUCH PROJECTS FOR A PERIOD NOT TO EXCEED THREE 
YEARS FOLLOWING THE COMPLETION OF A QUALIFIED HOT BITUMINOUS 
PAVEMENT PROJECT. NO CONTRACTOR SHALL BE HELD RESPONSIBLE UNDER 


Capital letters indicate new material added to existing statutes, dashes through words indicate 
deletions from existing statutes and such material not part of act. 
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A WARRANTY IMPOSED PURSUANT TO THIS SUBSECTION (16) FOR PAVEMENT 
DISTRESSES THAT ARE CAUSED.BY FACTORS BEYOND THE CONTROL OF THE 
CONTRACTOR. NO CONTRACTOR SHALL BE HELD RESPONSIBLE UNDER A 
WARRANTY IMPOSED PURSUANT TO THIS SUBSECTION (16) UNLESS THE 
DEPARTMENT COMPLIES ‘WITH. THE CONDITIONS STATED THEREIN. FOR 
PURPOSES OF THIS SUBSECTION (16): 


(I) “QUALIFIED HOT BITUMINOUS PAVEMENT PROJECT" MEANS A 
PROJECT UNDERTAKEN AS PART OF A PILOT PROGRAM COMPRISED OF THREE 
PROJECTS BID DURING 1997 OR 1998 AND APPROVED BY THE COMMISSION 
AND A_ TECHNICAL ADVISORY COMMITTEE SELECTED PURSUANT TO 
PARAGRAPH (d) OF THIS SUBSECTION (16). SUCH PROJECTS MUST BE 
CONSTRUCTED ALONG THE FRONT RANGE. 


(II). "WARRANTY" MEANS A WRITTEN WARRANTY, SO LABELED, OF 
THE HOT BITUMINOUS PAVEMENT WORK TO BE PERFORMED IN CONNECTION 
WITH A QUALIFIED HOT BITUMINOUS PAVEMENT PROJECT, INCLUDING ANY 
TERMS OR CONDITIONS PRECEDENT TO THE ENFORCEMENT OF OBLIGATIONS 
UNDER SUCH WARRANTY. 


(b) ANY WARRANTY OBTAINED BY THE COMMISSION PURSUANT TO 
PARAGRAPH (a) OF THIS SUBSECTION (16) SHALL REMAIN VALID FOR THE 
DURATION OF THE. WARRANTY'S TERM UNLESS THE COMMISSION AND 
CONTRACTOR AGREE OTHERWISE. 


(c) WHEN A PROVISION HAS BEEN MADE FOR THE NECESSARY FUNDS, 
INCLUDING ANY FEDERAL FUNDS, FOR ANY QUALIFIED HOT. BITUMINOUS 
PAVEMENT PROJECT AND WHEN THE PROJECT HAS BEEN APPROVED BY THE 
PROPER FEDERAL AUTHORITIES, THE COMMISSION MAY PROCEED TO REQUIRE 
A WARRANTY FOR A QUALIFIED HOT BITUMINOUS PAVEMENT PROJECT AS 
PROVIDED TN THIS SUBSECTION (16) WITH DUE REGARD TO ANY APPLICABLE 
FEDERAL REQUIREMENT OR REGULATION. 


(d) A TECHNICAL ADVISORY COMMITTEE SHALL SELECT THOSE 
PAVING PROJECTS THAT WILL BE CONSTRUCTED AS PART OF THE PILOT 
PROGRAM CREATED PURSUANT TO THIS SUBSECTION (16) AND THE 
BITUMINOUS PAVEMENT WARRANTY: PROGRAM DEVELOPED BY THE 
DEPARTMENT OF TRANSPORTATION. SUCH COMMITTEE SHALL BE SELECTED 
BY. THE COMMISSION AND CONSIST OF PRIVATE BITUMINOUS PAVEMENT 
CONTRACTORS AND DEPARTMENT OFFICIALS WHO ARE KNOWLEDGEABLE 
ABOUT BITUMINOUS PAVING AND THE UNITED STATES DEPARTMENT OF 
TRANSPORTATION STRATEGIC HIGHWAY RESEARCH PROGRAM, AS IT APPLIES 
TO THE PROVISIONS OF THIS SUBSECTION (16). 
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(¢) ALL PAVING PROJECTS CONSTRUCTED PURSUANT TO THIS 
SUBSECTION (16) SHALL BE SUBJECT TO A COST-BENEFIT EVALUATION BY A 
COMMITTEE SELECTED BY THE COMMISSION. SUCH COMMITTEE SHALL 
CONSIST OF TWO REPRESENTATIVES FROM THE STATE DEPARTMENT OF 
TRANSPORTATION, TWO INDIVIDUALS FROM THE ASPHALT PAVING 
CONSTRUCTION INDUSTRY, AND AN INDEPENDENT ENGINEER WHO SHALL BE 
COMPENSATED BY THE DEPARTMENT FOR REASONABLE FEES. COMMITTEE 
MEMBERS SHALL NOT BE CONNECTED WITH THE PAVEMENT PROJECT THAT IS 
THE SUBJECT OF SUCH COST-BENEFIT EVALUATION. SAID COMMITTEE SHALL 
GATHER DATA ON ACTUAL COSTS, INCLUDING MAINTENANCE COSTS, OF 
WARRANTED PROJECTS AND COMPARABLE NONWARRANTED PROJECTS, AND 
PRESENT ITS CONCLUSIONS IN A REPORT TO THE HOUSE AND SENATE 
TRANSPORTATION COMMITTEES AT THE END OF THE WARRANTY PERIOD FOR 
THE PROJECTS OR AT AN EARLIER DATE SPECIFIED BY EITHER COMMITTEE. 


SECTION 2. Effective date. This act shall take effect at 12:01 
a.m. on the day following the expiration of the ninety-day period after final 
adjournment of the general assembly that is allowed for submitting a 
referendum petition pursuant to article V, section 1 (3) of the state 
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constitution; except that, if a referendum petition is filed against this act or 
an item, section, or part-of this act within such period, then the act, item, 
section, or part, if approved by the people, shall take effect on the date of 
the official declaration of the vote thereon by proclamation of the governor. 


Tom Norton 
PRESIDENT OF 


THE SENATE OF REPRESENTATIVES 


Jan M. Albi Judith M. Rddrigue 
SECRETARY OF 


CHIEF CLERK OF THE HOUSE 
THE SENATE OF REPRESENTATIVES 


APPROVED Lhiag Zl, 1990 of 22514. ayy: 


GOVE R OF THE STATE OF COLORADO 


PAGE 4-SENATE BILL 97-128 
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U.S. Department Colorado Federal Aid Division 
of Transportation 555 Zang Street, Room 250 
Federal Highway Lakewood, Colorado 80228 
Administration 


November 8, 1999 


In Reply Refer To: 
HDA-CO 
Mr. Thomas E. Norton Re: Hot Bituminous Pavement 
Executive Director (HBP) Warranty Specification 


Colorado Department of Transportation 
4201 E. Arkansas Avenue 
Denver, Colorado 80222 


Attn: Mr. William F. Reisbeck 
Chief Engineer 


Dear Mr. Norton: 


We have reviewed the proposed HBP Warranty Specification for application on National 
Highway System projects in Colorado, which was provided to this office on November 5, 1999. 
The associated revised specifications and project selection guidelines were extremely helpful in 
determining the adequacy of this specification. 


We commend your staff on the insight and planning which has been incorporated into the 
document titled Pavement Warranty Provisions: CDOT ‘s Future Direction. Your strategic 
direction for implementation of pavement warranties using the defined steps should provide a 
balanced level of risk for CDOT and the hot mix industry as the various pavement warranties are 
introduced. Successful use of pavement warranties in Colorado will place CDOT and your 
industry partners as national leaders in the expanding scope of asset management. 


The revised Section 403 specification and the associated revised specifications are adequate for 
implementation in pilot projects which will be advertised in CDOT Fiscal Year 2000. The 
proposed revision of Section 403, Warranted Hot Bituminous Pavement Specification, dated 
November 8, 1999, is approved for limited use on NHS projects in Colorado. 


Please provide this office notice of each of the pilot projects that is let to bid using this specifica- 
tion so that we can track implementation. 
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Please address any future correspondence or revisions to pavement warranty specifications to 
Mr. Bernie Kuta, of this office, at 303-969-6730, Ext. 382. 


Sincerely yours, 


Cao (Leta — 


James Daves 
Division Administrator 


cc: John M. Umbewust, Deputy Chief Engineer, CDOT 
Steve W. Horton, Design Construction Engineer, CDOT 
Tim Aschenbrener, Materials Engineer, CDOT ~ 
Richard Zamora, Pavement Design/Management Engineer 
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REVISION OF SECTION 403 
WARRANTED HOT BITUMINOUS PAVEMENT 


Section 403 of the Standard Specifications is hereby revised for this project to include the following: 
DESCRIPTION 


This work consists of the construction of warranted bituminous pavement in accordance with these specifications, and in 
conformity with the lines and grades shown on the plans or established. 


MATERIALS AND CONSTRUCTION REQUIREMENTS 
The provisions of Section 401 do not apply to warranted hot bituminous pavement. 


The Contractor shall be responsible for the bituminous pavement mix design, production, placement, Performance, process 
and thickness control testing, and warranty work for a period of three years from the date of pavement acceptance. 


The warranted bituminous pavement shall be a mixture of aggregate, filler or additives if used, bituminous material, 
hydrated lime, and reclaimed material if used. A minimum of one per cent hydrated lime by mass of the combined aggregate 
shall be added to the aggregate for all warranted bituminous pavement. 


The Contractor shall establish the materials mix design (MMD) for the bituminous pavement. The MMD consists of an 
aggregate gradation based on percentages of the material passing various sieve sizes, a percentage by mass of bituminous 
material to be added to the aggregate, and a temperature for the mixture at discharge from the mixing plant. The Contractor 
shall select all materials to be used in the mixture including the asphalt cement. Transverse cracking shall not be included in 
the performance warranty if the asphalt cement meets or exceeds the low temperature required for Superpave performance 
grade PG 76-28 conforming to subsection 702.0 1. 


The minimum thickness structural design shall be as shown on the plans. The Contractor shall submit to the Engineer with 
the MMD, details of any proposed increases in thickness. 


Two weeks before starting paving, the Contractor shall provide the Engineer the MMD, the method of developing the MMD, 
all MMD testing, a list of materials, all thickness testing methods, and all Proposed thicknesses. 


The bituminous pavement shall be warranted for three years against the types of distress listed in (d) below. 


(a) Warranty and Warranty Bond. By submission of its bid in response to this specification, the Contractor warrants that all 
of the bituminous pavement placed on the project shall be free of defective materials and workmanship for a period of 
three years from the date of pavement acceptance. 


The Contractor further warrants that if any defect occurs in the bituminous pavement materials or workmanship within that 
three year period and if that warranty work is required or needed on that pavement, then the Contractor will ensure proper 
and prompt performance and completion of that warranty work, including payments for all labor performed and for all 
equipment and materials used, in accordance with this specification. 
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The Contractor understands and further warrants that if so required by the Department the Contractor shall perform 
and complete that warranty work after that three year period has ended because the Department needs the warranty 

work performed at that later date due to weather delays or other project related reasons that do not reasonably allow 
that work to be performed during the three year period, provided that the start of any such performance shall not be 

required later than nine months after that three year period has ended, 


The Contractor further agrees that the three year warranty period described in the specification shall be deemed to be 
extended by this additional nine months for the purposes described above, and Contractor warrants to perform that 
warranty work within that additional nine months if so required by the Department. 


All such warranty work shall be at the Contractor's sole cost and expense. 


The Contractor shall provide a warranty performance bond ("warranty bond") to guarantee the full performance of the 
warranty work described in this specification. The warranty bond shall be in the amount of $825,000. 


The warranty bond shall be a single term three year (plus an additional nine months in certain circumstances) warranty 
bond that will be in effect for the entire warranty period. The warranty bond shall be in effect upon pavement 
acceptance, and it shall remain in effect for the total of three years from that date. The Contractor shall provide a three 
year warranty bond, that complies with this specification, to CDOT at the time of execution of the Contract. 


The need for warranty work, and the performance of that warranty work, shall be determined in accordance with (d) 
below. At the end of the warranty period, the Contractor will be released from further warranty work or responsibility, 
provided all required warranty work has been satisfactorily completed- 


(b) Pavement Evaluation Team (PET). The PET shall have the final decision authority for all warranty work. The 
PET shall consist of three subject matter experts not affiliated with the project. Two members shall be selected 
by the Chief Engineer and directly paid by the Department. 


One member will be a CDOT staff person, the other will be a private consultant. The third member will 
represent the asphalt paving industry. 


Members will be replaced as necessary based upon the criteria above. 


(c) Warranty Work. During the warranty period the warranty work shall be performed at no cost to the Department 
and shall be based on the results of the pavement distress survey. Warranty work to be performed and materials 
to be used shall be in accordance with the remedial actions and other requirements in (d). The Contractor may 
propose alternative actions for warranty work to the Engineer who will submit the proposal to the PET. All 
warranty work to repair distresses shall be done in accordance with current CDOT standards and coordinated 
with the Engineer. Innovative materials and techniques may be considered. The PET will render a final decision 
by a majority vote. 
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During the warranty period, the Contractor may monitor the pavement in question using nondestructive procedures. 
All proposed remedial actions shall be coordinated with the Engineer. 


Coring, milling or other destructive procedures shall not be performed by the Contractor without prior written consent 
of the Engineer. The Contractor is not responsible for damages that are a result of Coring, miffing or other destructive 
procedures conducted by the Department, utility companies or other entities not under the control of the Contractor. 


When notified by the PET that warranty work is required, the Engineer will notify the Contractor and Surety, in 
writing. If the Contractor or Surety fails to undertake repair work within fifteen days after receiving written notice 
from the Engineer, the CDOT may make repairs or contract to have the repairs and the Contractor and surety shall be 
responsible for the total cost of these repairs including lane rental fees. 


At least 30 days before the expiration of the warranty the PET shall conduct a pavement distress survey. If the 
Engineer is notified by the PET that warranty work is required in accordance with the distress indicators, the Engineer 
will notify the Contractor and surety in writing. If the Contractor or the Surety fails to undertake repair work within 15 
days after receiving written notice from the Engineer, CDOT will complete the repairs or contract to have the repairs 
completed and the Contractor and Surety shall be responsible for the total cost of these repairs including the lane 
rental fees. 


Warranty work that requires a resurfacing of the pavement shall not be performed later than the first day of October of 
any year. If warranty work is halted or not begun by this date, the work shall resume the first day of April of the next 
year. Warranty work shall not be performed during wet weather and shall be performed to the same standards as the 
initial construction. 


The Engineer may choose to delay the warranty work due to unfavorable seasonal restrictions or other reasons deemed 
to be in the public interest. 


The Contractor shall pay a daily lane rental fee for the closure of each lane within the project during the warranty 
work, including elective and preventive action. Tins fee will be assessed for each calendar day or portion thereof, 
during the warranty work, that the traffic is limited to less than the number of lanes in the final configuration as shown 
in the construction plans. The Contractor shall maintain traffic at all times as detailed in the Traffic Control Plan. 
Warranty work shall be performed during the times of day and days of week specified for the original contract work. 


The Contractor and surety shall be responsible for the lane rental fee. The fee will be based on the applicable rates for 
any and all closures whether work is performed or not. This fee is not a penalty, but is a rental fee based upon road 
user cost to occupy lanes. 


The lane rental fee for this project after pavement acceptance shall be $2,000 per day, if the warranty work is going to 


be performed during hours of 6:00 am. to 7:00 pm. During night time warranty work between 7:00 p.m. and 6-00 a.m. 
the lane rental charge shall be $500 per day. 
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(d) Pavement Distress Indicators, Thresholds and Remedial Action. Pavement distress indicators shown below shall 
be used as the basis for determining the distress types to be considered for repair under the warranty and as the 
basis for determining the methods for measuring distresses. 


The Pavement distress surveys are conducted by dividing the roadway into nominal one-kilometer sections. A 100 in 

segment in each kilometer will be evaluated for pavement distress. The segment evaluated shall be from 300 to 400 in 
from the start of the section. In addition, in each section, a random 100 m segment will be surveyed. The random 100 

m segments will be determined by the PET each time a survey is conducted. 


The PET will conduct an annual survey or a survey at any other time if requested in writing by the Engineer. The PET 
will notify the Engineer in writing of the survey results within 14 days. The Engineer will immediately notify the 
Contractor. 


If the survey requires remedial action and the Contractor does not dispute the survey results, the Contractor shall 
remedy the distress. If the survey requires remedial action and the Contractor disputes the survey results, the 
Contractor shall notify the Engineer in writing within 14 days of receiving notice. The notification shall describe the 
contractual and legal basis for the disagreement with the survey results. The Engineer will transmit the Contractor's 
notification to the PET which will render a final decision and notify the Engineer in writing within 30 days of the 
Contractor's notification. 


The PET shall determine the remedial action to be performed in all segments in the project where the threshold level 
is met or exceeded. If arm outside the. survey segments are suspected of meeting or exceeding a threshold level, the 
Department will divide the entire project into 100 in segments and conduct the distress survey in any, or all, segments 
to see if a threshold level has been met or exceeded. Unless otherwise directed by the Engineer remedial action shall 
be performed in the same calendar year as the survey that indicated the threshold level is met or exceeded Remedial 
action shall be applied to each entire segment in which the threshold level is met or exceeded unless otherwise noted 
under remedial action. If, anytime during the warranty period, 30 percent or more of the project segments require or 
have received remedial action, then the entire project shall receive a remedial action as determined by the PET. 
Remedial action required on the mainline roadway shall also be performed on the bituminous pavement shoulders and 
adjacent lanes. 


If remedial action necessitates a corrective action to the pavement markings, adjacent lanes or roadway shoulders, 
then such corrective action to the pavement markings, adjacent lanes and shoulders shall be performed at the expense 
of the Contractor. 


When remedial action requires the removal of pavement, the pavement shall be replaced with a mix approved by the 
PET. The mix shall be placed according to the Contractor's QCP. Pavement shall be removed by cutting neat lines 
vertically for the full depth of the affected layer unless otherwise specified. Removal areas shall be rectangular, and 
the sides and bottoms shall be thoroughly coated with an approved tack coat prior to pavement replacement. 
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The Contractor will not be held responsible for distresses which are caused by factors beyond the control of the 
Contractor. A finding that the distress is due to factors outside the control of the Contractor shall be based on evidence 
submitted by the Contractor to the Engineer. The PET will make the final determination. 


Distress types to be warranted, the threshold levels requiring remedial action, and the remedial action to be performed 
by the Contractor shall be according to the following pavement distress indicators: 


1. Permanent Deformation -Rutting and Shoving. Rutting is longitudinal surface depression in the wheel path. 
Shoving is longitudinal displacement of a localized area of the pavement surface caused by traffic pushing 
against the pavement. 


Remedial action for permanent deformation > 8 min in depth: affected area shall be milled to remove ruts or 
shoved areas and replaced. 


The Permanent Deformation - Correction of rutting and shoving will not be required when the accumulated 
Equivalent Single Axle Loads (ESAL's) exceed "w"' at time intervals shown below: 


Time after Pavement Acceptance Maximum Accumulated ESAL’s 
(sampling intervals) (where D=3 year projection in ESAL’s) “w” 
0.25 x D 


0.50 x D 


pA months 


If the rutting is suspected to be caused by the base or subgrade, coring (or cross sectional sampling) will be conducted 
by CDOT to determine the cause of the rutting. 


2. Pot Holes. Pot holes are bowl shaped depressions of various sizes in the pavement surface caused by loss of 
pavement mix. 


Remedial action for potholes > 6 min deep and >0.1 in area: affected area shall be repaired by removal and 
replacement to 600 min beyond the apparent distress. 


3. Longitudinal Joint Separation. Longitudinal Joint Separation is loss of the pavement surface or depressions near a 
longitudinal joint. 


Remedial Action for longitudinal joint separation > 13 min deep: affected area shall be removed and replaced 
150 min beyond the distress laterally and to two feet beyond the distress longitudinally- 
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Raveling and Weathering. Raveling and weathering are the wearing away of the pavement surface caused by 
the dislodging of aggregate particles (raveling) and the loss of asphalt binder (weathering). 


Remedial action for raveling and weathering > 6 mm deep and > 0. 1 m2 in area: affected area shall be 
removed and replaced to 600 mm. beyond the apparent distress. 


Bleeding. Bleeding is a film of bituminous material on the pavement surface which creates a shiny, 
glass-like, reflective surface. 


LOW Coloring of surface Observe more frequently 
visible 


Moderate to High Asphalt free on Remove and replace full width of lane or 
surface shoulder to two feet longitudinally beyond 
affected area. 


Delamination of Pavement Layers. Delamination of pavement is the separation of one layer from the layer below 
it. 


Remedial action for delamination: affected area shall be removed and replaced to 300 mm beyond the apparent 
distress. 


Transverse Cracking. Transverse cracks are cracks relatively perpendicular to the pavement centerline. The 
highest severity level present for at least 10% of the total length of the crack shall be assigned. Random cracks 
with transverse cracks are cracks that occur randomly and are within 600 mm of the transverse crack. Spalling 
with transverse cracks is the cracking, breaking or chipping of the pavement surface within 600 mm of the 
transverse crack 


Action Required 


LOW <6 mm wide Seal cracks with hot poured joint 
and crack sealant materials that 
Moderate < 19 mm wide meet the requirements of ASTM 
<6 mm wide with spalling or random D 3405. 


cracking 
High > 19 mm wide Remove and replace full width of 
lane or shoulder to one foot 
longitudinally beyond the 
< 19 mm wide with spalling and random apparent distress. 
cracking 


70 


-7- 
REVISION OF SECTION 403 
WARRANTED HOT BITUMINOUS PAVEMENT 


(e) Elective or Preventive Action. The Contractor or Surety shall submit a written proposal to the Engineer if it 
proposes to perform elective or preventive work. The Engineer will forward the proposal to the PET for a final 
decision. Elective or Preventive action shall be a Contractor or Surety option subject to the approval of the 
Engineer. Elective or Preventive work shall be done during times set forth in the Contract for original contract 
work. Lane rental fees will be assessed. 


(f) Emergency work. The Engineer may request immediate action of the Contractor and Surety for the safety of the 
traveling public. The Contractor or Surety shall have the first option to perform the emergency work. If the 
Contractor or Surety cannot perform the emergency work within 24 hours, the Engineer may have the 
emergency work done by other forces and seek reimbursement from the Contractor or Surety accordingly. 
Emergency work performed by other forces shall not alter the requirements, responsibilities, or obligations of 
the warranty. 


(g) Traffic Control. Construction Traffic control for warranty work shall be performed in accordance with Section 
630 at the Contractor's expense. 


(h) Process Control Testing. The Contractor shall perform process control testing in accordance with the Revision 
of Section 106, Quality Control for Warranted Hot-Bituminous Pavement. 


METHOD OF MEASUREMENT 


Warranted bituminous pavement will be measured for payment by the ton of mixture based on the quantity of mixture 
placed, completed and accepted. The Contractor shall present certified records of shipment for the quantities placed 
under this special provision. 


BASIS OF PAYMENT 


Warranted bituminous pavement, measured as provided above, will be paid for at the contract unit price per ton of 
mixture, which price will be full compensation for furnishing, preparing, hauling, mixing and placing all materials, 
including asphaltic materials, for compacting mixtures, for the warranty and warranty bonds, for 

* warranty work, for the materials mix design, for the Quality Control Plan, for testing, record keeping, sampling, and 
for all labor, tools, and equipment during construction and during the warranty period, and incidentals necessary to 
complete the work. Payment will be made under: 


Pay Item Pay Unit 
Hot Bituminous Pavement (Asphalt)(3 Year Warranty) Ton 


The pay quantity shall be the actual quantity of warranted bituminous pavement placed, not to exceed 105 % of plan 
quantity. 


Water used in the mixing plant to bring the lime-aggregate mixture to approved moisture content will not be measured 
and paid for separately but shall be included in the work. 


Facilities for testing hot bituminous plant mix at the site of the commercial plant will not be paid for separately, but 
shall be included in the work. 


Appendix D: HMA Warranty Specification 
Used on 2000 and 2001 Projects 


REVISION OF SECTION 106 
QUALITY CONTROL FOR 
WARRANTED HOT BITUMINOUS PAVEMENT 


Section 106 of the Standard Specifications is hereby revised for this project as follows: 


Add subsection 106.09 as follows: 


106.09 Quality Control For Warranted Hot Bituminous Pavement. Quality Control (QC) is the 
responsibility of the Contractor. The Contractor shall establish and maintain all necessary inspection and 
materials testing procedures to assure the quality of work and the completed pavement. 

The Contractor's QC Manager is responsible for compliance with the quality requirements specified in the 
Contract and the Contractor's approved QC plan (QCP). The QC Manager shall not be the Contractor's 
Superintendent. 

The Contractor shall make provisions such that the Engineer can inspect QC work in progress, including 
sampling, testing, plants, and the Contractor's testing facilities at any time. 


(a) 


(1) 


(2) 
(3) 
(4) 


(5) 


(6) 
(7) 


Quality Control Plan (QCP). The Contractor shall submit a written QCP to the Engineer at least two 
weeks prior to the beginning of work that is controlled by the QCP. The QCP shall list all inspection 
and materials testing procedures utilized by the Contractor to ensure that the work conforms to 
contract requirements. 


The QCP shall address the following: 
The name, qualifications, duties, responsibilities and authorities of each person assigned a QC 
function. 

The QC Manager shall be the person responsible for the process control sampling and testing. 

This person must possess at least one of the following qualifications: 

A. Registration as a Professional Engineer in the State of Colorado. 

B. Level II A, B, and C certifications from the Laboratory Certification for Asphalt Technicians 
(LabCAT). 

Technician Qualifications. Technicians taking samples and performing tests must possess the 

following qualifications: 

A. Technicians taking samples and conducting compaction tests must have Level II A 
certification from the Laboratory Certification for Asphalt Technicians (LabCAT). 

B. Technicians conducting process control tests must have Level II B certification from the 
Laboratory Certification for Asphalt Technicians (LabCAT). 

C. Technicians determining asphalt mixture volumetrics and strength characteristics must have 
Level II C certification from the Laboratory Certification for Asphalt Technicians 
(LabCAT). 

A description of the responsibilities and authority, and a resume of experience, of the QC Manager. 
Materials testing schedule, showing sampling and testing procedures and frequencies. 

The standards to which the pavement is to be constructed, such as: in place density, asphalt content, 
voids criteria, gradation, or all other criterion the Contractor intends to use to maintain the quality of 
the work. 

Reporting procedures, including proposed reporting formats for materials sampling, testing, and 
inspection for all phases of the work. 

Names of testing and engineering firms to be used, if any, with licenses as appropriate. 

Procedures for identifying, evaluating, and reporting non-conformance discovered during QC 
inspections and testing. 
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(8) Provisions for increased frequencies of inspection and testing when work does not conform to the 
standards set for the construction. 


Documentation. The Contractor shall maintain current records of quality control operations activities, 
and tests performed including the work of vendors and subcontractors. These records shall be in the 
form shown in the QCP and shall indicate, as a minimum, the subcontractor, if any, the number of 
personnel working, the weather conditions encountered, any delays encountered, locations 
corresponding to project stationing as shown on the plans, and acknowledgment of deficiencies noted 
along with the corrective actions taken on deficiencies. These records shall include factual evidence 
that required activities or tests have been performed, including but not limited to the following: 


(1) Type and number of quality control activities and tests involved. 
(2) Results of quality control activities or tests. 

(3) Nature of defects, causes for rejection, etc. 

(4) Proposed remedial action. 

(5) Corrective actions taken. 


Such records shall cover both conforming and defective or deficient features and shall include a 
statement that work and materials incorporated in the project comply with this Contract. Copies of 
these records shall be reviewed by the QC Manager and submitted to the Engineer prior to payment 
for the work. 


Frequency. QC inspection and testing at all intervals of work shall be performed at the frequencies in 
the accepted QCP. 


Certification. Prior to acceptance of the project, the Contractor's QC Manager shall certify, in writing, 
that all work and materials incorporated into the project meet the requirements of the Contract. 
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Section 403 of the Standard Specifications is hereby revised for this project to include the following: 
DESCRIPTION 


This work consists of the construction of warranted bituminous pavement in accordance with these 
specifications, and in conformity with the lines and grades shown on the plans or established. 


MATERIALS AND CONSTRUCTION REQUIREMENTS 


The provisions of Section 401 do not apply to warranted hot bituminous pavement except for the following: 
Longitudinal joints shall conform to the requirements of subsection 401.16. Roadway smoothness shall 
conform to the requirements of subsection 401.20 as revised in the Revision of Sections 105, 202, 401, 405, 
406, and 412 - Roadway Smoothness. Paving limitations shall conform to the requirements of subsection 
401.07 as revised in the Revision of Section 401 — Weather Limitations and Placement Temperatures. 


The Contractor shall be responsible for the bituminous pavement mix design, production, placement, 
performance, process and thickness control testing, and warranty work for a period of ___**years from the 
date of pavement acceptance. 


The warranted bituminous pavement shall be a mixture of aggregate, filler or additives if used, bituminous 
material, hydrated lime, and reclaimed material if used. A minimum of one percent hydrated lime by weight 
of the combined aggregate shall be added to the aggregate for all warranted bituminous pavement. 


The Contractor shall establish the materials mix design (MMD) for the bituminous pavement. The MMD 
consists of an aggregate gradation based on percentages of the material passing various sieve sizes, a 
percentage by weight of bituminous material to be added to the aggregate, and a temperature for the 
mixture at discharge from the mixing plant. The Contractor shall select all materials to be used in the 
mixture including the asphalt cement. Transverse cracking shall not be included in the performance 
warranty if the asphalt cement meets or exceeds the low temperature required for Superpave performance 
grade PG __ conforming to subsection 702.01. 


The minimum thickness placed shall be as shown on the plans. 


Two weeks before starting paving, the Contractor shall provide the Engineer the MMD, the method of 
developing the MMD, all MMD testing, a list of materials, and all thickness testing methods. 


The bituminous pavement shall be warranted for ___**years against the types of distress listed in (d) 
below. 


(a) Warranty and Warranty Bond. By submission of its bid in response to this specification, the 
Contractor warrants that all of the bituminous pavement placed on the project shall be free of defective 
materials and workmanship for a period of ___** years from the date of pavement acceptance as 
defined in the Revision of 105.16 Acceptance. 
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The Contractor further warrants that it will ensure proper and prompt performance and completion of 
warranty work in accordance with this specification. Warranty work shall be performed when any 
defect occurs in the bituminous pavement materials or workmanship within that___ ** year period and 
warranty work is required or needed on that pavement. Prompt performance and completion of 
warranty work includes payment for all labor performed and for all equipment and materials used. 


The Contractor understands and agrees that if so required by the Department, the Contractor shall 
perform and complete warranty work after the ___** year period has ended. Delays for warranty 
work can and may occur due to factors such as weather delays, project reasons which do not 
reasonably allow that work to be performed, public interest reasons or for any other reason. 
Performance due to delays will not be required to start later than nine months after the ___** year 
period has ended. 


All such warranty work shall be solely at the Contractor’s expense up to $___##. The Department 
may elect to have additional work performed and will be responsible for payment of actual expenses 
incurred by the Contractor. Additional work shall be authorized in writing by the Engineer. All 
documentation of actual costs incurred in the performance of warranty work shall be made available 
for audit by the Department. 


The Contractor shall provide a warranty performance bond ("warranty bond") to guarantee the full 
performance of the warranty work described in this specification. The warranty bond shall be in the 
amount of $ iad 


The warranty bond shall be a single term ___** year (plus an additional nine months in certain 
circumstances) warranty bond that will be in effect for the entire warranty period. The warranty bond 
shall be in effect upon pavement acceptance, and it shall remain in effect for the total of ___** years 
from that date. The Contractor shall provide a___** year warranty bond, that fully complies with this 
specification, to the Department at the time of execution of the Contract. 


The need for warranty work, and the performance of that warranty work, shall be determined in 
accordance with (d) below. The Contractor will be released from further warranty work at the end of 
the warranty period or upon completion of any delay warranty work, as described above, whichever is 
later, provided all required warranty work has been satisfactorily completed. 


Pavement Evaluation Team (PET). The PET shall have the final decision authority for all warranty 
work. The PET shall consist of three subject matter experts not affiliated with the project. One 
member will be a CDOT staff person, the second member will represent the asphalt paving industry, 
and the third will be mutually agreed upon by the other two members. Each member of the PET shall 
have a minimum 15 years experience in one or a combination of the following disciplines: pavement 
management, asphalt pavement design, asphalt pavement construction, maintenance management or 
asphalt pavement maintenance. CDOT will cover expenses associated with performing the duties of 
the PET for the CDOT member and the mutually agreed upon third party. The Contractor shall cover 
expenses associated with performing the duties of the PET for the asphalt paving industry member 
Members will be replaced as necessary based upon the criteria above. 
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The Department representative on the PET shall be responsible for scheduling distress surveys, 
preparing the reports, and notifying the Engineer when warranty work is required. 


Warranty Work. During the warranty period the warranty work shall be performed at no cost to the 
Department and shall be based on the results of the pavement distress survey. Warranty work to be 
performed and materials to be used shall be in accordance with the remedial actions and other 
requirements in (d). The Contractor may propose alternative actions for warranty work to the 
Engineer who will submit the proposal to the PET. All warranty work to repair distresses shall be 
done in accordance with current CDOT standards and coordinated with the Engineer. Innovative 
materials and techniques may be considered. The PET will render a final decision by majority vote. 


During the warranty period, the Contractor may monitor the pavement in question using 
nondestructive procedures. All proposed remedial actions shall be coordinated with the Engineer. 
Coring, milling or other destructive procedures shall not be performed by the Contractor without prior 
written consent of the Engineer. The Contractor is not responsible for damages that are a result of 
coring, milling or other destructive procedures conducted by the Department, utility companies or 
other entities not under the control of the Contractor. 


When notified by the PET that warranty work is required, the Engineer will notify the Contractor and 
Surety, in writing. If the Contractor or Surety fails to respond in writing within fifteen days after 
receiving written notice from the Engineer, the Department may make repairs or contract to have the 
repairs made and the Contractor and surety shall be responsible for the total cost of these repairs 
including lane rental fees. 


At least 30 days before the expiration of the warranty the PET shall conduct a pavement distress 
survey. If the Engineer is notified by the PET that warranty work is required in accordance with the 
distress indicators, the Engineer will notify the Contractor and surety in writing. If the Contractor or 
the Surety fails to respond in writing within 15 days after receiving written notice from the Engineer, 
the Department will complete the repairs or contract to have the repairs completed and the Contractor 
and Surety shall be responsible for the total cost of these repairs including the lane rental fees. In the 
event it is necessary to delay performance of the final warranty work due to weather limitations or 
other reasons in the public interest, the Contractor and Department shall agree to the extent of work to 
be performed. Any additional distress resulting from the delay will be the responsibility of the 
Department. 


Warranty work that requires a resurfacing of the pavement shall only be performed when weather 
conditions are in accordance with revised subsection 401.07. 


A daily lane rental fee shall be charged for the closure of each lane within the project during the 
performance of warranty work, including elective and preventive action. This fee will be assessed for 
each calendar day or portion thereof, during the warranty work, that the traffic is limited to less than 
the number of lanes in the final configuration as shown in the construction plans. The fee will be based 
on the applicable rates for any and all closures whether work is performed or not. This fee is not a 
penalty, but is a rental fee based upon road user cost to occupy lanes. 
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The lane rental fee for this project after pavement acceptance shall be per day 


The Contractor shall maintain traffic at all times as detailed in the Traffic Control Plan. Warranty work 
shall be performed during the times of day and days of week specified for the original contract work. 


Pavement Distress Indicators, Thresholds and Remedial Action. Pavement distress indicators 
shown below shall be used as the basis for determining the distress types to be considered for repair 
under the warranty and as the basis for determining the methods for measuring distresses. 


The pavement distress surveys are conducted by dividing the roadway into nominal one-mile sections. 
A one-tenth mile segment in each mile will be evaluated for pavement distress. The segment 
evaluated shall be from 0.3 to 0.4 miles from the start of the section. In addition, in each section, a 
random one-tenth mile segment will 

be surveyed. The random one-tenth mile segments will be determined by the PET each time a survey 
is conducted. 


The PET will conduct an intermediate survey(s) if requested in writing by the Engineer. The PET will 
notify the Engineer in writing of the survey results within 15 days. The Engineer will immediately 
notify the Contractor in writing. Traffic control for conducting the surveys will be the responsibility of 
the Department. 


If any survey requires remedial action and the Contractor does not dispute the survey results, the 
Contractor shall remedy the distress. If the survey requires remedial action and the Contractor disputes 
the survey results, the Contractor shall notify the Engineer in writing within 15 days of receiving 
notice. The notification shall describe the contractual and legal basis for the disagreement with the 
survey results. The Engineer will transmit the Contractor’s notification to the PET which will render a 
final decision and notify the Engineer in writing within 30 days of the Contractor’s notification. 


The PET shall determine the remedial action to be performed in all segments in the project where the 
threshold level is met or exceeded. If areas outside the survey segments are suspected of meeting or 
exceeding a threshold level, the PET will divide the entire project into 0.1 mile segments and conduct 
the distress survey in any, or all, segments to see if a threshold level has been met or exceeded. Unless 
otherwise directed by the Engineer remedial action shall be performed in the same calendar year as the 
survey that indicated the threshold level is met or exceeded. Remedial action shall be applied to each 
entire segment in which the threshold level is met or exceeded unless otherwise noted under remedial 
action. When the remedial action required includes an overlay, the action shall also be performed on 
the bituminous pavement shoulders and adjacent lanes. 


If remedial action necessitates a corrective action to the pavement markings, adjacent lanes or roadway 


shoulders, then such corrective action to the pavement markings, adjacent lanes and shoulders shall be 
performed at the expense of the Contractor. 
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When remedial action requires the removal of pavement, the pavement shall be replaced with a mix 
approved by the PET. The mix shall be placed according to the Contractor's QCP. Pavement shall be 
removed by cutting neat lines vertically for the full depth of the affected layer unless otherwise 
specified. Removal areas shall be rectangular, and the sides and bottoms shall be thoroughly coated 
with an approved tack coat prior to pavement replacement. 


If, anytime during the warranty period, 30 percent or more of the project segments require or have 
received remedial action, then the entire project shall receive a remedial action as determined by the 
PET. 


The Contractor will not be held responsible for distresses which are caused by factors beyond the 
control of the Contractor. A finding that the distress is due to factors outside the control of the 
Contractor shall be based on evidence submitted by the Contractor to the Engineer. The PET will 
make the final determination. 


Distress types to be warranted, the threshold levels requiring remedial action, and the remedial action 
to be performed by the Contractor shall be according to the following pavement distress indicators: 


1. Permanent Deformation - Rutting and Shoving. Rutting is longitudinal surface depression in the 
wheel path. Shoving is longitudinal displacement of a localized area of the pavement surface 
caused by traffic pushing against the pavement. Rutting shall be measured at 50 foot intervals 
using a 6 foot straight edge, and taking several measurements transversely across the pavement to 
determine the maximum rut depth. Rut depths shall be rounded to the nearest 0.10 inch. 


Severity Quantity Preferred Actions 
(Actual action to be approved by PET) 


Low > 0.3 to 0.5 in. Micromill or diamond grind to remove ruts, chip seal, microsurface 
or remove and replace. 


Moderate > 0.5 to 1 in. Micromill or diamond grind to remove ruts then microsurface or 
remove and replace. 


High >in. Evaluate the cause and then remove and replace. 


The Permanent Deformation - Correction of rutting and shoving will not be required when the 
accumulated design lane Equivalent Single Axle Loads (ESAL's) exceed "w" at time intervals shown 


below @@: 
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Table A: 3 year Warranty Rutting Rate of Loading Table 


Time after Pavement Acceptance Maximum Accumulated ESAL's 
(sampling intervals) (where D = 3 year projection design lane ESAL's) 


WwW 


025xD 
0.50xD 


0.75xD 


p24months———SSSSCSCisSCSCéSSCSCSCSCSOSOCOCC‘dY 
125%D 


36 months (full term) 1.50 x D 


Table B: 5 year Warranty Rutting Rate of Loading Table 


Time after Pavement Acceptance Maximum Accumulated ESAL's 
(sampling intervals) (where D = 5 year projection design lane ESAL's) 
"Ww" 


6 months 0.2xD 
12 months 0.40 x D 


a 


54 months 1.50xD 


60 months (full term) 1.50 x D 


If the rutting is suspected to be caused by the base or subgrade, coring (or cross sectional 
sampling) will be conducted by the Department to determine the cause of the rutting. The 
Contractor shall have the option to obtain cores and cross-section samples at his own expense, 
including repair of the sampled areas, traffic control, and all lane rental fees. 


2. Pot Holes. Pot holes are bowl shaped depressions of various sizes in the pavement surface caused 
by loss of pavement mix. 


Severity Quantity Preferred Actions 
(Actual action to be approved by PET) 
Low <1 in. deep and > 0.2 ft? Seal coat or crack / joint seal 
Moderate 1 in. to 2 in. deep and > 0.2 ft* Patch 
High > 2 in. deep and > 0.2 ft? Remove and replace to 2 feet beyond 


apparent distress. 
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3. Longitudinal Joint Separation. Longitudinal joint separation is loss of the pavement surface or 
depressions within 18 inches of a longitudinal joint. 


Severity Quantity Preferred Actions 
(Mean Width) (Actual action to be approved by PET) 
Low <= 0.25 in. Seal cracks with hot poured joint and crack sealant 
materials that meet the requirements of ASTM D 
3405. 
Moderate > 0.25 in. and <= 0.75 Seal cracks with hot poured joint and crack sealant 
in. materials which meet the requirements of ASTM 


D 3405, ASTM D 5078 or ASTM D 5078 with 22% 
scrap rubber 


High > 0.75 in. Remove and replace a minimum of 6 inches 
beyond distress laterally and 2 feet beyond distress 
longitudinally. In no instance shall resulting joints 
be placed in the wheel path. 


4. Raveling and Weathering. Raveling and weathering are the wearing away of the pavement surface 
caused by the dislodging of aggregate particles (raveling) and the loss of asphalt binder 
(weathering). Affected area shall be repaired to 24” beyond apparent distress. Preferred actions 
include slurry seal, chip seal, Novachip, ultra-thin overlay or remove and replace. The actual 
action shall be approved by the PET. 


5. Bleeding. Bleeding is a film of bituminous material on the pavement surface which creates a 
shiny, glass-like, reflective surface. 


Severity Quantity Preferred Actions 
(Actual action to be approved by PET) 


Coloring of surface visible Observe more frequently 


Moderate | Asphalt free on surface Microsurface or SMA overlay 
High Asphalt free on surface and | Remove and replace full width of lane or 
tire tracks shoulder to two feet longitudinally beyond 


affected area. 
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6. Delamination of Pavement Layers. Delamination of pavement is the separation of one layer from 
the layer below it. 


Remedial action for delamination: affected area shall be removed and replaced to one foot beyond 
the apparent distress. 


7. Transverse Cracking. Transverse cracks are cracks relatively perpendicular to the pavement 
centerline. The highest severity level present for at least 10% of the total length of the crack shall 
be assigned. Random cracks with transverse cracks are cracks that occur randomly and are within 
two feet of the 
transverse crack. Spalling with transverse cracks is the cracking, breaking or chipping of the 
pavement surface within two feet of the transverse crack. 


Severity Quantity Preferred Action 
(actual action to be approved by 
PET) 

Low < 0.25 in Seal cracks with hot poured joint 
and crack sealant materials that 
meet the requirements of ASTM D 
3405. 


Moderate < 0.75 in. wide Seal cracks with hot poured joint 
< 0.25 in. wide with spalling or random and crack sealant materials which 
cracking meet the requirements of ASTM D 

3405, ASTM D 5078 or ASTM D 
5078 with 22% scrap rubber. 

High > 0.75 in. wide Remove and replace full width of 
< 0.75 in. wide with spalling andrandom | lane or shoulder to one foot 
cracking longitudinally beyond the apparent 

distress. 


(e) Elective or Preventive Action. Elective or Preventive action shall be a Contractor or Surety option, at 
the Contractor or Surety expense, subject to the approval of the Engineer. The Contractor or Surety 
shall notify the Engineer in writing if it proposes to perform elective or preventive work. Elective or 
Preventive work shall be done during times set forth in the Contract for original contract work. Lane 
rental fees will be assessed. 


(f) Emergency Work. For warranted distresses, the Engineer may request, in writing, immediate action 
of the Contractor and Surety for the safety of the traveling public. The Contractor or Surety shall have 
the first option to perform the emergency work. If the Contractor or Surety cannot perform the 
emergency work within 24 hours, the Engineer may have the emergency work done by other forces and 
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seek reimbursement from the Contractor or Surety accordingly. Emergency work performed by other 
forces shall not alter the requirements, responsibilities, or obligations of the warranty. 


(g) Traffic Control. Construction Traffic control for warranty work shall be performed in accordance with 
Section 630 at the Contractor’ s expense. 


(h) Process Control Testing: The Contractor shall perform process control testing in accordance with the 
Revision of Section 106, Quality Control for Warranted Hot Bituminous Pavement. 


METHOD OF MEASUREMENT 


Bituminous pavement will be measured for payment by the ton of mixture based on the quantity of mixture 
placed, completed and accepted. The Contractor shall present certified records of shipment for the 
quantities placed under this special provision. 


BASIS OF PAYMENT 


Warranted bituminous pavement, measured as provided above, will be paid for at the contract unit price per 
ton of mixture, which price will be full compensation for furnishing, preparing, hauling, mixing and placing 
all materials, including asphaltic materials, for compacting mixtures, for the materials mix design, for the 
Quality Control Plan, for testing, record keeping, sampling, and for all labor, tools, and equipment during 
construction and incidentals necessary to complete the work. 


The Hot Bituminous Pavement Warranty will be paid at the contract unit price, which will be full 
compensation for the warranty and warranty bonds, for performing warranty work and for all materials, 
labor, tools and equipment used during performance of warranty work, and incidentals necessary to 
complete the warranty work. 


Payment will be made under: 


Pay Item Pay Unit 
Hot Bituminous Pavement (Asphalt) (__** Year Warranty) Ton 
Hot Bituminous Pavement __** Year Warranty Lump Sum 


Payment for the Hot Bituminous Pavement ___** Warranty will be made upon pavement acceptance. 


Water used in the mixing plant to bring the lime-aggregate mixture to approved moisture content will not 
be measured and paid for separately but shall be included in the work. 


Facilities for testing hot bituminous plant mix at the site of the commercial plant will not be paid for 
separately, but shall be included in the work. 


916 PIG 9K 216 2ik 26 oie 2c 3 216 2ik 26 oie ole 9k 216 2ik 216 oie ole 2k 26 2is 216 oie oie 9k 26 2ik 26 oie ole 9k 216 2is 26 oie oie 9k 26 2ik 26 2K ole 9k 216 2ik 26 oie oie 9k 26 2ik 26 2K oie 9k 216 2is 216 oie oie 2k 26 2k oie oie oie 2k 216 2k oe 2K oie ok 26 2k 2 OK 26 3 26 2k oo oe ok 
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INSTRUCTIONS TO DESIGNERS (delete instructions and symbols from final draft): 


** Insert either 3 or 5 years, based upon project selection guidelines and specific project conditions. Delete this 
footnote. 

## Warranty bond amount will be calculated using 100% of the total for a 2” removal (planing), 2” overlay, 
complete restriping, plus 5% for traffic control and rounding up to the next highest $25,000. Delete footnote 
prior to use. 


@@Use Table A for 3 year warranty and Table B for 5 year warranty and delete inappropriate table prior to use. 
Delete note prior to use 
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Appendix E: HMA Warranty Specification 
Used on Five-Year Warranty Projects 
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REVISION OF SECTION 105 
ACCEPTANCE 


Section 105 of the Standard Specifications is hereby revised for this project as follows: 

Subsection 105.20(b), first paragraph shall include the following: 

Final acceptance will occur upon the completion of the warranty period and all warranty work. 

Subsection 105.20 shall include the following: 

(c) Pavement Acceptance. Pavement acceptance will occur when the pavement surfaces are completely 
constructed, accepted for traffic, and determined by the Engineer to be in compliance with the contract 
plans and specifications. Pavement acceptance may occur on different dates for different parts of the 


pavement depending on varying acceptance dates for traffic or stage construction sequences. 


(d) Job Acceptance. Job acceptance will occur upon the satisfactory completion of all work in the original 
bid schedule. 
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Section 106 of the Standard Specifications is hereby revised for this project as follows: 
Add subsection 106.14 as follows: 


106.14 Quality Control For Warranted Hot mix asphalt. Quality Control (QC) is the responsibility of 
the Contractor. The Contractor shall establish and maintain all necessary inspection and materials testing 
procedures to assure the quality of work and the completed pavement. 


The Contractor's QC Manager is responsible for compliance with the quality requirements specified in the 
Contract and the Contractor's approved QC plan (QCP). The QC Manager shall not be the Contractor's 
Superintendent. 


The Contractor shall make provisions such that the Engineer can inspect QC work in progress, including 
sampling, testing, plants, and the Contractor's testing facilities at any time. 


(a) Quality Control Plan (QCP). The Contractor shall submit a written QCP to the Engineer at least two 
weeks prior to the beginning of work that is controlled by the QCP. The QCP shall list all inspection 
and materials testing procedures utilized by the Contractor to ensure that the work conforms to contract 
requirements. 


The QCP shall address the following: 


(1) The name, qualifications, duties, responsibilities and authorities of each person assigned a QC 
function. 


The QC Manager shall be the person responsible for the process control sampling and testing. This 

person must possess at least one of the following qualifications: 

(i) Registration as a Professional Engineer in the State of Colorado. 

(ii) Level II A, B, and C certifications from the Laboratory Certification for Asphalt Technicians 
(LABCAT). 


Technician Qualifications. Technicians taking samples and performing tests must possess the 
following qualifications: 
(i) Technicians taking samples and conducting compaction tests must have Level II A certification 
from the Laboratory Certification for Asphalt Technicians (LABCAT). 
(ii) Technicians conducting process control tests must have Level II B certification from the 
Laboratory Certification for Asphalt Technicians (LABCAT). 
(iii) Technicians determining asphalt mixture volumetrics and strength characteristics must have 
Level II C certification from the Laboratory Certification for Asphalt Technicians (LABCAT). 
(2) A description of the responsibilities and authority, and a resume of experience, of the QC Manager. 
(3) Materials testing schedule, showing sampling and testing procedures and frequencies. 
(4) The standards to which the pavement is to be constructed, such as: in place density, asphalt content, 
voids criteria, gradation, or all other criterion the Contractor intends to use to maintain the quality 
of the work. 
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(5) Reporting procedures, including proposed reporting formats for materials sampling, testing, and 
inspection for all phases of the work. 

(6) Names of testing and engineering firms to be used, if any, with licenses as appropriate. 

(7) Procedures for identifying, evaluating, and reporting non-conformance discovered during QC 
inspections and testing. 

(8) Provisions for increased frequencies of inspection and testing when work does not conform to the 
standards set for the construction. 


Documentation. The Contractor shall maintain current records of quality control operations activities, 
and tests performed including the work of vendors and subcontractors. These records shall be in the 
form shown in the QCP and shall indicate, as a minimum, the subcontractor, if any, the number of 
personnel working, the weather conditions encountered, delays encountered, locations corresponding to 
project stationing as shown on the plans, and acknowledgment of deficiencies noted along with the 
corrective actions taken on deficiencies. These records shall include factual evidence that required 
activities or tests have been performed, including but not limited to the following: 


(1) Type and number of quality control activities and tests involved. 
(2) Results of quality control activities or tests. 

(3) Nature of defects, causes for rejection, etc. 

(4) Proposed remedial action. 

(5) Corrective actions taken. 


Such records shall cover both conforming and defective or deficient features and shall include a 
statement that work and materials incorporated in the project comply with this Contract. Copies of 
these records shall be reviewed by the QC Manager and submitted to the Engineer prior to payment for 
the work. 


Frequency. QC inspection and testing at all intervals of work shall be performed at the frequencies in 
the accepted QCP. 


(d) Certification. Prior to acceptance of the project, the Contractor's QC Manager shall certify, in writing, 


that all work and materials incorporated into the project meet the requirements of the Contract. 
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REVISION OF SECTION 109 
PARTIAL PAYMENTS 


Section 109 of the Standard Specifications is hereby revised for this project as follows: 

In subsection 109.06(a) delete the last sentence and replace with the following: 

The amount retained will be in effect until such time as final payment is made, with the following 
exceptions which require the Contractor's written request and consent of the Surety: Upon completion and 
acceptance of the project, after the project quantities are finalized, and the Contractor has submitted the 


necessary forms, the Engineer may make reduction in the amount retained, or upon job acceptance a partial 
payment will be made that will include release of all retainage or securities. 
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Section 403 of the Standard Specifications is hereby revised for this project to include the following: 


DESCRIPTION 


This work consists of the construction of warranted bituminous pavement in accordance with these 
specifications, and in conformity with the lines and grades shown on the plans or established for the 
project. 


MATERIALS AND CONSTRUCTION REQUIREMENTS 


The provisions of Section 401 do not apply to warranted hot bituminous pavement of the project except the 
following Standard Special Provisions: Revision of Section 401-Longitudinal Joints and subsection 401.20 
in the Revision of Sections 105, 202, 401, 405, 406, and 412-Roadway Smoothness. 


The Contractor shall be responsible for the bituminous pavement mix design, production, placement, 
performance, process and thickness control testing, and warranty work for a period of five years from the 
date of pavement acceptance. 


The warranted bituminous pavement shall be a mixture of aggregate, filler or additives if used, bituminous 
material, hydrated lime, and reclaimed material if used. A minimum of one per cent hydrated lime by mass 
of the combined aggregate shall be added to the aggregate for all warranted bituminous pavement. 


The Contractor shall establish the materials mix design (MMD) for the bituminous pavement. The MMD 
consists of an aggregate gradation based on percentages of the material passing various sieve sizes, a 
percentage by mass of bituminous material to be added to the aggregate along with a temperature for the 
mixture at discharge from the mixing plant. The Contractor shall select all materials to be used in the 
mixture including the asphalt cement. Transverse cracking shall not be included in the performance 
warranty if the asphalt cement meets or exceeds the low temperature required for Superpave performance 
grade conforming to subsection 702.01. 


The minimum thickness structural design shall be as shown on the plans. The Contractor shall submit to 
the Engineer with the MMD, details of any proposed increases in thickness. 


Two weeks before starting paving, the Contractor shall provide the Engineer the MMD, the method of 
developing the MMD, all MMD testing, a list of materials, all thickness testing methods, all proposed 
thicknesses, and at least 60 pounds of plant produced material representing the MMD to CDOT for testing. 
The Bituminous Unit of CDOT will test the plant produced material in accordance to CPL 5112 “Hamburg 
Wheel Track Testing of Compacted Bituminous Mixtures” to ensure the Contractor is capable of producing 
material which will satisfy the warranty requirements. A maximum of 0.40 inches rut depth at a minimum 
20,000 passes will be considered a passing test result for CPL 5112. The Contractor shall not commence 
paving before obtaining a mix design which satisfies the CPL 5112 performance criteria. If the material 
fails CPL 5112, the Contractor shall modify the MMD and re-submit at least 60 pounds of plant produced 
material representing the new MMD. The first test will be performed at no cost to the Contractor. Each re- 
test will be billed to the Contractor at the rate of $650.00 per test. Passing CPL 5112 test results shall not 
relieve the Contractor of any obligations under the warranty provisions. 
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The bituminous pavement shall be warranted for five years against the types of distress listed in (d) below. 


(a) 


(b) 


Warranty and Warranty Bond. By submission of its bid in response to this specification, the 
Contractor warrants that all of the bituminous pavement placed on the project shall be free of defective 
materials and workmanship for a period of five years from the date of pavement acceptance. 


The Contractor further warrants that if any defect occurs in the bituminous pavement materials or 
workmanship within that five-year period and if that warranty work is required or needed on that 
pavement, then the Contractor will ensure proper and prompt performance and completion of that 
warranty work, including payments for all labor performed and for all equipment and materials used, 
in accordance with this specification. 


The Contractor understands and further warrants that if so required by the Department the Contractor 
shall perform and complete that warranty work after that five-year period has ended because the 
Department needs the warranty work performed at that later date due to weather delays or other 
project related reasons that do not reasonably allow that work to be performed during the five-year 
period, provided that the start of any such performance shall not be required later than nine months 
after that five-year period has ended. 


The Contractor further agrees that the five-year warranty period described in the specification shall be 
deemed to be extended by this additional nine months for the purposes described above, and 
Contractor warrants to perform that warranty work within that additional nine months if so required by 
the Department. 


All such warranty work shall be at the Contractor's sole cost and expense. 
The Contractor shall provide a warranty performance bond ("warranty bond") to guarantee the full 


performance of the warranty work described in this specification. The warranty bond shall be in the 
amount of $ 


The warranty bond shall be a single term five-year (plus an additional nine months in certain 
circumstances) warranty bond that will be in effect for the entire warranty period. The warranty bond 
shall be in effect upon pavement acceptance, and it shall remain in effect for the total of five years 
from that date. The Contractor shall provide a five-year warranty bond, that fully complies with this 
specification, to CDOT at the time of execution of the Contract. 


The need for warranty work, and the performance of that warranty work, shall be determined in 
accordance with (d) below. At the end of the warranty period, the Contractor will be released from 
further warranty work or responsibility, provided all required warranty work has been satisfactorily 
completed. 


Pavement Evaluation Team (PET). The PET shall have the final decision authority for all warranty 


work. The PET shall consist of three subject matter experts not affiliated with the project. Two 
members shall be selected by the Chief Engineer and directly paid by the Department. 
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One member will be a CDOT staff person, the other will be a private consultant. The third member 
will represent the asphalt paving industry. 


Members will be replaced as necessary based upon the criteria above. 


Warranty Work. During the warranty period, the warranty work shall be performed at no cost to the 
Department and shall be based on the results of the pavement distress survey. Warranty work to be 
performed and materials to be used shall be in accordance with the remedial actions and other 
requirements in (d). The Contractor may propose alternative actions for warranty work to the 
Engineer who will submit the proposal to the PET. All warranty work to repair distresses shall be 
done in accordance with current CDOT standards and coordinated with the Engineer. Innovative 
materials and techniques may be considered. The PET will render a final decision by a majority vote. 


During the warranty period, the Contractor may monitor the pavement in question using 
nondestructive procedures. All proposed remedial actions shall be coordinated with the Engineer. 
Coring, milling or other destructive procedures shall not be performed by the Contractor without prior 
written consent of the Engineer. The Contractor is not responsible for damages that are a result of 
coring, milling or other destructive procedures conducted by the Department, utility companies or 
other entities not under the control of the Contractor. 


When notified by the PET that warranty work is required, the Engineer will notify the Contractor and 
Surety, in writing. If the Contractor or Surety fails to undertake repair work within 15 days after 
receiving written notice from the Engineer, the CDOT may make repairs or contract to have the repairs 
made and the Contractor and surety shall be responsible for the total cost of these repairs including 
lane rental fees. 


At least 30 days before the expiration of the warranty the PET shall conduct a pavement distress 
survey. If the Engineer is notified by the PET that warranty work is required in accordance with the 
distress indicators, the Engineer will notify the Contractor and surety in writing. If the Contractor or 
the Surety fails to undertake repair work within 15 days after receiving written notice from the 
Engineer, the CDOT will complete the repairs or contract to have the repairs completed and the 
Contractor and Surety shall be responsible for the total cost of these repairs including the lane rental 
fees. 


Warranty work that requires a resurfacing of the pavement shall not be performed later than October 1 
of any year. If warranty work is halted or not begun by this date, the work shall resume March 1. 
Warranty work shall not be performed during wet weather and shall be performed to the same 
standards as the initial construction. 


The Engineer may choose to delay the warranty work due to unfavorable seasonal restrictions or other 
reasons deemed to be in the public interest. 


The Contractor shall pay a daily lane rental fee for the closure of each lane within the project during 
the warranty work, including elective and preventive action. This fee will be assessed for each 
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calendar day or portion thereof, during the warranty work, that the traffic is limited to less than the 
number of lanes in the final configuration as shown in the construction plans. The Contractor shall 
maintain traffic at all times as detailed in the Traffic Control Plan. Warranty work shall be performed 
during the times of day and days of week specified for the original contract work. 


The Contractor and Surety shall be responsible for the lane rental fee. The fee will be based on the 
applicable rates for any and all closures whether work is performed or not. This fee is not a penalty, 
but is a rental fee based upon road user cost to occupy lanes. 


The lane rental fee for this project after pavement acceptance shall be $ per day. 


Pavement Distress Indicators, Thresholds and Remedial Action. Pavement distress indicators 
shown below shall be used as the basis for determining the distress types to be considered for repair 
under the warranty and as the basis for determining the methods for measuring distresses. 


The pavement distress surveys are conducted by dividing the roadway into nominal one-mile sections. 
A one-tenth mile segment in each mile will be evaluated for pavement distress. The segment 
evaluated shall be from 0.3 to 0.4 miles from the start of the section. In addition, in each section, a 
random one-tenth mile segment will be surveyed. The random one-tenth mile segments will be 
determined by the PET each time a survey is conducted. 


The PET will conduct an annual survey or a survey at any other time if requested in writing by the 
Engineer. The PET will notify the Engineer in writing of the survey results within 14 days. The 
Engineer will immediately notify the Contractor. 


If the survey requires remedial action and the Contractor does not dispute the survey results, the 
Contractor shall remedy the distress. If the survey requires remedial action and the Contractor 
disputes the survey results, the Contractor shall notify the Engineer in writing within 14 days of 
receiving notice. The notification shall describe the contractual and legal basis for the disagreement 
with the survey results. The Engineer will transmit the Contractor’s notification to the PET. The PET 
will render a final decision and notify the Engineer in writing within 30 days of the Contractor’s 
notification. 


The PET shall determine the remedial action to be performed in all segments in the project where the 
threshold level is met or exceeded. If areas outside the survey segments are suspected of meeting or 
exceeding a threshold level, the Department will divide the entire project into tenth mile segments and 
conduct the distress survey in any, or all, segments to see if a threshold level has been met or 
exceeded. Unless otherwise directed by the Engineer remedial action shall be performed in the same 
calendar year as the survey that indicated the threshold level is met or exceeded. Remedial action 
shall be applied to each entire segment in which the threshold level is met or exceeded unless 
otherwise noted under remedial action. If, anytime during the warranty period, 30 percent or more of 
the project segments require or have received remedial action, then the entire project shall receive a 
remedial action as determined by the PET. Remedial action required on the mainline roadway shall 
also be performed on the bituminous pavement shoulders and adjacent lanes. 
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If remedial action necessitates a corrective action to the pavement markings, adjacent lanes or roadway 
shoulders, then such corrective action to the pavement markings, adjacent lanes and shoulders shall be 
performed at the expense of the Contractor. 


When remedial action requires the removal of pavement, the pavement shall be replaced with a mix 
approved by the PET. The mix shall be placed according to the Contractor's QCP. Pavement shall be 
removed by cutting neat lines vertically for the full depth of the affected layer unless otherwise 
specified. Removal areas shall be rectangular, and the sides and bottoms shall be thoroughly coated 
with an approved tack coat prior to pavement replacement. 


The Contractor will not be held responsible for distresses that are caused by factors beyond the control 
of the Contractor. A finding that the distress is due to factors outside the control of the Contractor 
shall be based on evidence submitted by the Contractor to the Engineer. The PET will make the final 
determination. 


Distress types to be warranted, the threshold levels requiring remedial action, and the remedial action 
to be performed by the Contractor shall be according to the following pavement distress indicators: 


1. Permanent Deformation - Rutting and Shoving. Rutting is longitudinal surface depression in the 
wheel path. Shoving is longitudinal displacement of a localized area of the pavement surface 
caused by traffic pushing against the pavement. 


Remedial action for permanent deformation > 0.31 inches in depth: affected area shall be milled 
to remove ruts or shoved areas and replaced. 


The Permanent Deformation - Correction of rutting and shoving will not be required when the 
accumulated Equivalent Single Axle Loads (ESAL's) exceed "w" at time intervals shown below: 


Time after Pavement Acceptance Maximum Accumulated ESAL's 
(sampling intervals) (where D = 5 year projection in ESAL's) "w" 
0.20xD 


0.40xD 
0.60% D 


[——a0months————SSSSCSCSCSC~iCSCSC“‘i C‘C*S*SCSCSC~*Y 
L40xD 


60 months (full term) 1.50x D 


If the rutting is suspected to be caused by the base or subgrade, coring (or cross sectional 
sampling) will be conducted by CDOT to determine the cause of the rutting. 
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Pot Holes. Pot holes are bowl shaped depressions of various sizes in the pavement surface caused 
by loss of pavement mix. 


Remedial action for potholes > 1.0 inches deep and > 1 ft? in area: affected area shall be repaired 
by removal and replacement to 2 feet beyond the apparent distress. 


Longitudinal Joint Separation. Longitudinal Joint Separation is loss of the pavement surface or 
depressions near a longitudinal joint. 


Remedial Action for longitudinal joint separation > 0.5 inches deep: affected area shall be 
removed and replaced 6 inches beyond the distress laterally and to 2 feet beyond the distress 
longitudinally. 


Raveling and Weathering. Raveling and weathering are the wearing away of the pavement 
surface caused by the dislodging of aggregate particles (raveling) and the loss of asphalt binder 
(weathering). 


Remedial action for raveling and weathering > 0.25 inches deep and > 1 ft? in area: affected area 
shall be removed and replaced to 2 feet beyond the apparent distress. 


Bleeding. Bleeding is a film of bituminous material on the pavement surface which creates a 
shiny, glass-like, reflective surface. 


Coloring of surface visible Observe more frequently 


Moderate to High | Asphalt free on surface Remove and replace full width of lane 
or shoulder to 2 feet longitudinally 
beyond affected area. 


Delamination of Pavement Layers. Delamination of pavement is the separation of one layer from 
the layer below it. 


Remedial action for delamination: affected area shall be removed and replaced to 1 foot beyond 
the apparent distress. 


Transverse Cracking. Transverse cracks are cracks relatively perpendicular to the pavement 
centerline. The highest severity level present for at least 10% of the total length of the crack shall 
be assigned. Random cracks with transverse cracks are cracks that occur randomly and are within 
2 feet of the transverse crack. Spalling with transverse cracks is the cracking, breaking or 
chipping of the pavement surface within 2 feet of the transverse crack. 
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< 0.25 inches wide Seal cracks with hot poured joint 
and crack sealant materials that 
Moderate < 0.75 inches wide meet the requirements of ASTM D 
< 0.25 inches wide with spalling or 3405. 


random cracking 


> 0.75 inches wide Remove and replace full width of 
lane or shoulder to 1 foot 

< 0.75 inches wide with spalling and longitudinally beyond the apparent 

random cracking distress. 


(e) Elective or Preventive Action. The Contractor or Surety shall submit a written proposal to the 
Engineer if it proposes to perform elective or preventive work. The Engineer will forward the proposal 
to the PET for a final decision. Elective or Preventive action shall be a Contractor or Surety option 
subject to the approval of the Engineer. Elective or Preventive work shall be done during times set 
forth in the Contract for original contract work. Lane rental fees will be assessed. 


(f) Emergency Work. The Engineer may request immediate action of the Contractor and Surety for the 
safety of the traveling public. The Contractor or Surety shall have the first option to perform the 
emergency work. If the Contractor or Surety cannot perform the emergency work within 24 hours, the 
Engineer may have the emergency work done by other forces and seek reimbursement from the 
Contractor or Surety accordingly. Emergency work performed by other forces shall not alter the 
requirements, responsibilities, or obligations of the warranty. 


(g) Traffic Control. Construction Traffic control for warranty work shall be performed in accordance with 
Section 630 at the Contractor’s expense. 


(h) Process Control Testing: The Contractor shall perform process control testing in accordance with the 
Revision of Section 106, Quality Control for Warranted Hot Bituminous Pavement. 
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METHOD OF MEASUREMENT 


Warranted bituminous pavement will be measured for payment by the ton of mixture based on the quantity 
of mixture placed, completed and accepted. The Contractor shall present asphalt scale tickets to the 
Engineer on a daily basis for the quantities placed under this special provision. 


BASIS OF PAYMENT 


Warranted bituminous pavement, measured as provided above, will be paid for at the contract unit price per 
ton of mixture, which price will be full compensation for furnishing, preparing, hauling, mixing and placing 
all materials, including asphaltic materials, for compacting mixtures, for the warranty and warranty bonds, 
for performing warranty work, for the materials mix design, for the Quality Control Plan, for testing, record 
keeping, sampling, and for all labor, tools, and equipment during construction and during the warranty 
period, and incidentals necessary to complete the work. 


Payment will be made under: 


Pay Item Pay Unit 
Hot Bituminous Pavement (5 Year Warranty) Ton 


The pay quantity shall be the actual quantity of warranted bituminous pavement placed, not to exceed 
105% of plan quantity. 


Water used in the mixing plant to bring the lime-aggregate mixture to approved moisture content will not 
be measured and paid for separately but shall be included in the work. 


Facilities for testing hot bituminous plant mix at the site of the commercial plant will not be paid for 
separately, but shall be included in the work. 
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